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/"VHEMISTRV needs all the helps that can be given to make it 
V_-' even comparatively easy. So much is learned that must be 
re learned. It is a subject that may be skimmed over without being 
fixed upon the mind. To learn it well, therefore, one must study a 
little and then put this information into practice. 

Tlie application of theories and formulas to practical problems is 
the aim of this book. We believe it will be a valuable aid in fixing 
upon the mind the facts of chemistry. 

The judgment of teachers and students will guide them in its 
use. As the elements are taken up in the order of most text-books, 
i' might be well to finish a subject, e. g., chlorine, then have the prob- 
lems solved under it. 

Teachers will find " Stammer's Problems " particularly useful 
in conducting examinations and reviews. Students' Edition, Cloth, .75 
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lenburg College. AUentown, Pa. ; West Virginia 5tate University, Morgaatown; Swarth- 
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OF THE FIRST AND SECOND EDITIONS OF 

Richter's Inorganic Chemistry. 



FromF. A.. Genth,Prof. of Chemistnj ; F. A. Gmth^ Jr.^ AasH Prof, of Ckemietry, TJnivereity 
' of Pennsyhdnia. 

" We have examined with much care the * inorganic Chemistry ' of Prof. Yictor von 
Eichter, recently translated by Dr. E,F. Smith, Both theoretical and general chemistry 
are treated in Buch a clear and comprehensive manner that it has become one of the 
leading text-booka for a University course in Germany. We are indebted to Dr. Smith 
for his translation of this esCcellent work, which may help to facilitate the study of 
chemistry in this country." 

JFVoOT Tlie PolycUnie, Philadelphia, 

" The system of instruction adopted in it is to develop the theoretical and recondite 
parts of the science in progressive steps, and in connection with the descriptive portions. 
The special feature, however, for which the work is valuable, is the attention givento the 
law of periodicity, as affirmed by Mendelejeff and Lotliar Meyer, and to thermo-chemical 
phenomena. These subjects have lately come into great prominence, and as they are 
almost entirely omitted, even from the larger manuals of some years back, the full ' 
attention given to them in the work before us constitutpsa valuable feature. Full atten- 
tion is given to such points in physics as are essential to a proper understanding of 
chemical phenomena, A brief outline of the general principles of crystallography is 
given." 

IVom ^ohn MarakaU, m.d., sat. sc. d. (Ttlbingen), Demonatrdtor of Chemistry in the Uhiver- 
ai^ of Pen/nsyJvania, Medical Department. ' ■ ^ 

" The worlc is of undoubted value. The theory of chemistry, which is generally the bug- 
bear of students, ia, in this book, very clearly explained, and the explanations are eo well 
dist^^ributtid through the book that students are brought easily from the simplest to the 
mout difficult problems. 

"That part descriptive of the elements and their compounds is full, and all that could bq 
desired in a text-book, while the cuts, with which the work is profusely illustrated, are 
an excellent aid to the student. Altogether, it is one of our best modern works on 
- chemistry." 

Ih-oml^of. N. Wiley Thomaa, Muhlenberg ^oUege, Chemical Laboratory, AUentown,Pa. 

" This volume is especially adapted for use as a text-book ; and, if for no other reason 
than for its superior ai^rangement, should find its way into our schools and colleges. The 
author has apparently accomplished the difficult task of furnishing to the student a book 
that combines, with the utmost clearness, the two departments of general chemistry, in 
such a way as to remove. the trouble which has for a long time been experienced in 
applying the theoretical knowledge obtained to the eslplanation of the inorganic portion 
ofthe work." ' ' 

From Prof. F. F.JeweU, OberUn ^College, Ohio. 

*'Ihave examined it thoroughly. The manner in which the subject is treated is an 
improvement, in some respects, upon that of most ofthe works on chemistry used for 
school and college purposes." 

JFVom Dr. Lyman B. Sail, Maverford College, Penna. 
"I like it very much." 

I^om the Boaton Journal of Chemistry, December, 1883. 

" As a sytem of theoretical chemistry this work will take the highest rank. It is 
written with true German thoroughness." 



RECOMMENDATIONS OF RICHTBR*S INORGANIC CHEMISTRY. 

From Prof. B. SUliman^ Taie OoUege, New Saven, Coim. < ( 
"It is decidedly a good book, and in Bome respects the Iraat manual we have." 

From Prof. E. P. Harris, Amherst College, Amherst, Mass. 

■ "I have teen acquainted with the original, both Inorgahicand Organic, Bince their first 

publicatioa, and have ever since regarded them both as the best books published in those 

departments.'! 

jpVom Professor T, B. Norton, TJnivereity of Cinmmati. 

"Few modern authors of chemical text-books have succeeded as happily as vonJEichter 
in presenting to the student, in an attractive, comprehensible manner, the leading|foature8 
of theoretical chemistry. * * * Von Richter's clear, lucid presentation of fact anil 
theoiy has, if anything, gained by Dr. Smith's admirable translation." 

From Prof. A. A. Benntitt Chicago JMvermiy. 

" There is a great need of a proper work on Inorganic Chemistry for class-room use. I 
am satisfied that this work is the best that I have yet seen, aod that it will in a high 
degree fill the want. " , 

From E. H. S. Bailej/, Unwernti/ of Eamas, Lawrence. 

"Dr Smith has, by his excellent translation, -brftught into prominence one of the best 
and most recent books upon the science of chemistry.'* 

From Sam'l P. BadtUr, Prof, of General and Organic Chemistry, Vnivereitif of Penna., Philad<f. 
"I am well acquainted with von Richter's Inorganic Chemistry -in its original German 
form. Its success abroad has been exceptional, having rapidly run through several large 
editions in Germany, and having been translated into at least two other languages. AVith 
the largo number of text-books on Inorganic Chemistry at present in the field, this success' 
could only bo achieved because of distinctive features which meriterl commendation. 
These we find to be the clear presentation of simple underlying theory and succinct state- 
ments of illustrative facts; but, above all, in the well chosen order in which present 
views of chemistry are developed, in successivo steps. " 

^om Prof. Sam^l B. Gre«^ £(ujar(ftmore College, Penna. ■■ 

" I am of the opinion that it is the best text-book of the kind I have seen, I shall 
recommend it to my classes." 

B-om Dr. Stoddart, Smith College, Northampton, Mass. 

"■ It is so much superior in many ways to anything we have in English (or American), 
that I am very glad to see a t ranslation of it . ' ' , 

From Prof. Howard, Starling Medical College, Colvmhus, Ohio. 

"Its foundation on the periodicity of the elements gives it an advantage over any other 
book that I am acquainted with." 

From the American Chemical Review. 

"Thesenewfeaturesalono will recommend th*! work to teachers as well as students, 
while the eminent success of the former German edition amply proves that it also pos- 
sesses more than ordinary merit in other directions.** 

From the University Quarterli/,NewYorJe, 

"The book contains all the latest discoveries and theories, is profusely illustrated by 
wood-cuts, ^nil in every way recommends itself as a model text-book for the study of 
chemistry in colleges and schools." 

From the Science Record, Boston, 

" Notwithstanding the multitude ot text-books on chemistry, there is always r6om for 
a good one, and the present work will undoubtedly fall under this head. Prof, von Richter's 
work met with great success abroad, owing to its unusual merit. In presenting the sub- 
ject to the student the author makes a point to bring out prominently the relations 
existingbetween fact and theory, too commonly considered apart. * * * The rapid 
sale, in Germany, of three editions of this work seems to show the common verdict is 
greatly in favor of its inductive methods. * * * The periodic system i's so treated as 
to prove a really valuable aid to the student, and especially in the relations of the 
metals. * * 9 Von Richter's text-book deserves a hearty welcome at the hands of 
teachers of chemistry desirous of instructing in modern tbeoriet and on a rational basis. 
This translation is neatly printed, on piper of light weight, making a very convenient 
handl>ook." 

F. BLAZISTON, SOIT & CO., 1012 Walnut Street, Fluladelphia. 
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CHEMICAL PROBLEMS. 



PART FIRST. 



-OXYGEN. 



1. How much oxygen can be obtained by heating 
216 g mercuric oxide ? 

2. How much oxygen can be obtained by heating 

mercuric oxide as follows : — 

a. 108 g, c. 54 Kg, <?. 1.08 g? 

b. 54 g, ^. I KgSog, 

Solution : 2l6 parts oxide produce 16 parts oxygen. 
108 g produce the half, or 8 g, etc. 

3. How much oxygen can be obtained by heat from 

20 g mercuric oxide ? 

Solution: 216 parts oxide give 16 parts oxygen. 

I part " gives -^^ " " 

20 g " give 20 X 3^% = 1-48 g. 

„ ^, ? 1 20 . 

Or thus : „,, . , etc. 
210 I 10 

4. How much oxygen is obtained from i Kg mercuric 

oxide ? 

5. How much oxygen will be obtained from — 

«• 6?}4 g, i. 67s g, c. 337.S g? 

6. What amount of oxygen can be obtained by heat 

from potassium chlorate, as follows : — 
a. 24s g, c. 367.5 g, e. 0.24s Kg? 

6. 1 22.5 g, d. 2.45 g. 

Solution: K^O, CljOj = 2 KCl + 6 O. 

(KCIO, = KCl + 3 O.) 

K, 78) 

Clj 71 J-245 parts furnish 96 parts oxygen, etc. 

Oe 96 J 

(Or: 122.5 parts furnish 48, etc. 
B 9 
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7. By this operation how much mercury is left from 

I to 5 ? 

8. How much potassium chloride is obtained by 6 ? 

9. How much oxygen is obtained by heat from 10 g 
potassium chlorate ? 

Solution : One molecule by weight, or 245 parts, give 6 combined 
weight or 96 parts. (Or: 122.5 parts give 48, etc.) 

I part by weight gives also ^^-^ parts; and 10 g 52-i5_i- g. 

Or : How many give 10 g, when 245 g give 96 g ? 

Thus: ,' I '°etc. 
245 I 96 

10. What per cent, of oxygen is obtained from a given 

weight of potassium chlorate ? 

11. How much oxygen is contained in, a. 1 Kg, b. 2^ 

Kg of potassium chlorate ? 

12. How much oxygen is obtained from potassium 

chlorate as follows : — 

a. 2.5521 g, b. 81.8 g, c. I g} 

13. How much potassium chloride remains in these 

cases ? 

14. How many grams and kilograms of oxygen are con- 
tained in black oxide of manganese as follows : — 

a. 87 g, c. 870 g, , e. 217.5 g? 

b. 8.7 Kg, d. 21.75 Kg, 

15. How many Bbs. of oxygen are contained in, a. 100 

Kg, b. I ft), black oxide of manganese ? 

16. How much of the oxygen contained in 87 g of 

black oxide of manganese will be set free by sul- 
phuric acid ? 

17. a. What quantity of the oxygen contained in 100 Kg 

of manganese di-oxide will be obtained by heating 
the same with sulphuric acid? b. How much of 
that contained in one ft) ? 

18. How many kilograms of oxygen are obtained, by 

means of sulphuric acid, from manganese di-oxide, 

as follows : — 

a. I cwt., b. 10 Kg, c. 29 g? 



CHEMICAL PROBLEMS. H 

■19. a. How much oxygen can be obtained by heating 
261 g of black oxide of manganese? 
i Solution • 3 mJ O, = Mnj O5 = Mnj O4 + 2 O. 

Or : 261 parts by weight give 32 parts by weight. 

How much from, — 

b. 130.5 g, d. 26.1 Kg, 

c. 1.305 g,' e. 32.6 g, /. 522 Kg? 

go. How much is obtained by heating the specified 
quantities in examples 16, 17, 18? 

2J. What per cent, of the oxygen contained in blacljj 
oxide of manganese is obtained, a. by sulphuric 
acid ; b. by heat ? c. What per cent, more by first ? 

22. If the quantity of oxygen be given which is con- 

tained in a given quantity of manganese, how does 
one find that which is actually set free ? 

23. How much sulphuric acid is needed in order to 

decompose 87 g of black oxide of manganese ? 

24. How much oxygen and manganous sulphate are 

obtained ? 

25. How much sulphuric acid is needed to decompose 
the following quantities of manganese di- oxide : — 

a. 43.5 Kg, c. I cwt, 

b. 6.2 g, d. 10 ft)s. ? 

26. How much manganous sulphate is obtained by 

2$ ato d f 

27. How much mercuric oxide is required .to yield 

oxygen as follows : — 

a. 16 g, c. 24 g, ^. 4g? 

b. 32 g, d. 8 g, 

28. How much mercuric oxide is necessary to yield 

the following amounts of oxygen : — 

a. I Kg, c. 5 g, e. 1.4336 g? 

b. 2g, d. 10 g, 

29. How would you find simply the necessary quantity 

of mercuric oxide for a given quaiftity of oxygan ? 

*■ * * 
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30. How much potassium chlorate is necessary to obtain' 

oxygen as follows : — 

a. 96 g, c. 144 Kg, e. 96 g? 

b. 48 g, d. 0.96 g, 

3 1 . How much potassium chlorate is necessary to yield 
oxygen as follows : — 

a. I g, c. 3.919 g, e. 1.4336 g? 

b- I Kg, d. 0.3919 g, 

32. How much manganese di-oxide is needed to yield, 
by heat, 16 Kg of oxygen? 

Solution: 3 MnOj or 216 parts by weight give 2 O or 32 parts by 
weight. Thus, 32 Kg are obtained from 216 Kg; or, 
16 Kg from 130.5 Kg. 

33. How much manganese di-oxide is required to yield, 

by heat, oxygen as follows : — 

a. 4g, b. 0.16 g, c. 3.2 Kg? 

34. How much to yield — 

a. 10.6667 Kg, c. 0.1226 g, e. 1.226 Kg, 

iJ. 12.26 Kg, ^. 6.13 Kg, * / 3-SS g? 

35. How much manganese di-oxide is needed to yield 
oxygen by means of sulphuric acid, as follows : — 

a. 16 g, b. 8 g, c. 4 Kg, d. 0.4 Sbs. ? 

36. How much by the same for — 

a. 9.2 Kg, c. S.33 g, e. 0.184 g, 

b. 1.84 Kg, d. 18.4 g, /. 100 g? 

37. How much sulphuric acid is used in all these cases ? 

38. How much manganese di-oxide and sulphuric acid 
are needed to yield oxygen as follows : — 

a. 16 g, c. 100 g, e. 1.4336 g? 

b. 20 ft)s., d. I Kg, 

Solution : It is necessary, in the first place, to reckon the quantity 
of manganese di-oxide, and then the necessary quantity 
of oxygen for the decomposition of the same. 

The following problems, relating to definite volume 
ratios, are most practicably considered after solving 
those under H. 
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39. How much mercuric oxide is necessary to yield 

I cu dm of oxygen ? 

40. How much mercuric oxide is necessary to yield 

1.5 cu m of oxygen? 

41. How many cubic meters of oxygen will the follow- 

ing quantities of potassium chlorate furnish : — 

a. I cwt., b. 10 Kg, c. 3.659 g? 

42. How much manganese di-oxide and sulphuric acid 
are necessary to give i cu dm of oxygen ? 



II.— HYDROGEN. 

1. How much a. hydrogen, b. oxygen, are contained 

in 1 8 Kg of water ? 

2. How m'uch hydrogen and oxygen are contained by 

weight in water as follows : — 

a. 9 Kg, d. 9000 g, ^18 cu cm, 

b. 36 g, e. 81 Kg, /i. 9 1 ? 

c. 27 g, /. 0.18 g, 

3. How much hydrogen and oxygen by weight can 
be obtained from water, by the use of the galvanic 
current, as follows : — 

a. I Kg, c. 1000 cu cm, 

b. 50 g, d. 0.25 1 ? 

4. How much hydrogen is obtained, by passing the 
vapor from water over iron, as follows : — 

a. 18 g, c. 0.1 Kg, e. 300 cu cm, 

b. 30 g, d. 10 cu cm, /. I 1 ? 

5. About how much heavier will the tube with the iron 

be at this time ? 

6. A\'hat is the percentage composition of water ? 

7. How, in general, do we ascertain the quantity of 
hydrogen set free from a given quantity of water by 
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any method, and also the quantity of oxygen that 
at the same time enters combination ? 

8. How much hydrogen is obtained by the use of 98 g 

of sulphuric acid and 65.2 g of zinc ? 

9. How much hydrogen is obtained from — 

a. 49 Kg of sulphuric acid and 32.6 Kg of zinc, 

b. 100 g " " 66.5 g " ? 

10. Is it necessary that the quantities of both substances 
be given, or is the quantity of one of them depend- 
ent upon the other ? What occurs if, for example, 
100 g of zinc act upon 100 g of sulphuric acid ? 

11. How much hydrogen can be obtained by means of 

7 Kg of sulphuric acid applied to zinc or iron ? 

12. How much hydrogen does a sufficient quantity of 
water and zinc give when 12.74 g of sulphuric acid 
are used ? 

13. How much hydrogen can be obtained by the use of 

zinc without water, and sulphuric acid as follows : — 

a. 179-3 g. c. 217.116 Kg, 

b. 299.2 g, d. 26.08 Kg? 

14. How many liters of hydrogen will the following 

amounts of water furnish : — ^ 

a. 0.8064 g, b. 80.64 g, c. I Kg? 

15. How many liters of oxy-hydrogen gas will i 1 of 
water give ? 

16. How many liters of explosive gas will i cu cm of 
water furnish ? 

17. How many cubic centimeters of oxy-hydrogen gas 

will yield looo cu cm of steam at 0° and 760 mm 
pressure? How is the former volume related to 
the latter? 

18. How much sulphuric acid is necessary to liberate 

the hydrogen from 18 Kg of water? How much 
zinc? 

19. What amounts of sulphuric acid and zinc are required 

for the decomposition of 15 g of water ? 
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Solution: Zn + H^O + SOj.HjO = ZnO.SO, -|- H^O + 2H 

65.2 18 98 161. 2 i8 2 

(Or, Zn + HjO + HjSO^ = ZnSO^ + H^O + 2H.) 

For 18 parts by weight it is necessary to have 98 of 
sulphuric acid to 65.2 Zn. 

For I part - ^ of sulphuric acid and —g- zinc. 

For 1 5 parts — „ — sulphuric acid and — '—z zinc, etc. 

Or thus : .'o _| etc. "5 A „ etc. 

20. How much sulphuric acid and zinc are needed for 
the given quantities of water in No. 14 above? 

21. How much lighter must the weight of the retort 

become, which holds the water whose vapor, by 
coming in contact with heated iron, yields hydrogen 
as follows : — 

a. 3 g, c. 4.5 g, e. 8.96 g? 

b. 90 g, d. 10 g, 

22. About how much heavier will the tube become 

thereby ? 

23. What amount of sulphuric acid and zinc are re- 

quired to yield hydrogen as follows : — 

a. 2 Kg, c. 0.0896 g, 

b. 100 g, d. 89.6 g? 

24. How much water must be decomposed to yield 

hydrogen as follows : — 

a. 1000 cu cm, c. 1000 HI (Ans. in Kilos) ? 

b. 100 1 (Ans. in liters), 

25. What amount of sulphuric acid and zinc is necessary 

to obtain the same quantities ? (Ans. in g and K). 
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III.— CHLORINE. 

1 . How much chlorine can be obtained from the follow- 

ing amounts of hydrochloric acid (gas) by means 
of manganese di-oxide : — 

a. 146 Kg, b. 146 fibs., c. 1.46 g? 

2. What quantity of chlorine is evolved by the union 

of the following amounts of muriatic acid and an 
indefinite amount of manganese diroxide : — 

a- 73 g. f>- 7 Kg 300 g, c. 7.3 g ? 

3. How much CI are, a. 87 g, b. 0.87 Kg, c. 100 fibs., 

d. 20 g, of black oxide of Mn. able to liberate 
from HCl? 

4. How many cubic decimeters of chlorine can be 

obtained from, a. 100 g of manganese di-oxide; 

b. 100 g of muriatic acid ? 

S- How much muriatic acid is required for manganese 
di-oxide as follows : — 

a. 87 B)s., c. 100 g, 

b. 43.5 g, d. I Kg? 

6. What amount of manganese di-oxide must be taken 

with the following quantities of hydrochloric acid to 
yield chlorine, if all of both substances be decom- 
posed : — 

a. 146 g, d. 10 ft)s., 

b. I Kg 460 g, e. 16.78 g, 

c. I fib., / 1678.17 g? 

7. How much black oxide of manganese and muriatic 

acid are ftecessary to yield chlorine as follows : — 

a. 71 g, d. 40.804 Kg, 

b. 35.5 S)s., e. 81.61 g, 

c. 7.1 g, / 48.63 g? 

8. What amounts of manganese di-oxide and hydro- 

chloric acid are needed to make chlorine as follows : — 
a. 128.30 cu dm, b. 152.9 cu dm, c. i cu m ? 
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9. How much sulphuric acid, common salt, and manga- 
nese di-oxide are necessary to give the following 
amounts of chlorine : — 

a. 71 g, b. 7.1 ft)s., c. 100 g? 

Solution: MnOj + 2 (SOj.H^O) + 2 NaCl = 

196 1 17.0 

+ Na20,S03 + 2 CI + 2 HjO. 

(MnOj + 2 (H2SO4) + 2 NaCl = 
MnSO^ + Na^SO^ + 2 CI 4- 2 H^O.) 

10. How much sulphuric acid, common salt, and manga- 

nese di-oxide must be taken to give the following 
amounts of chlorine : — 

a. 100 1, ^. I cu m ? 

1 1. How many grams of chlorine will be absorbed by lO 1 

of water, if the water takes up twice its volume ? 

12. In what proportion will the water become heavier if 
. it takes up twice its volume of chlorine ? 

13. How many cubic centimeters of chlorine are con- 

tained in 100 g of chlorine water, if one volume of 
water has absorbed two volumes of chlorine ? 



HYDROCHLORIC ACID. 

14. How much hydrochloric acid gas is obtained from 

common salt as follows : — 

a. 117 Bbs., d. 100 fibs., • 

b. 58.5 Kg, • e. 1000 g, 

c. ii.7g. / I g? 

15. How much hydrochloric acid gas maybe obtained 

from an indefinite quantity of common salt by means 
of sulphuric acid as follows : — 

a. 98 Bbs., d. I g, 

b. 49 g. ^- 250 g, 

c. 4.9 g, /. 100 Kg? 
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1 6. How much sulphate of soda remains behind in 
these cases ? 

17. What amount of common salt is necessary to obtain 

all the chlorine in the shape of hydrochloric acid gas 
by means of sulphuric acid as follows : — 

a. 98 g, d. wo lbs., 

b. 49 Bbs., e. 1000 g, 

c. 0.7 g, / 25 g ? 

18. What quantity of sulphuric acid and common salt 

must be taken to yield the following amounts of 
hydrochloric acid gas : — 

a. 73 K)s., c. I Kg, 

b. 36.S g, d. 100 g? 

19. By their union, one volume of hydrogen and one 
volume of chlorine yield 2 volumes of hydrochloric 
acid gas. What, therefore, is the volume by weight 
of the latter referred to hydrogen as unit ? How 
much is contained in the liter ? 

20. How much sulphuric acid and common salt are neces- 

sary to yield i cu m of hydrochloric acid gas ? 

21. What amount of sulphuric acid and common salt 

must be mixed, and how much water is used, to 
obtain the following amounts of aqueous gas, 30 per 
cent, of the contents of which is pure acid : — 
a. 233)^ lbs., b. 4666.667 g, c. 700 Kg? 

How much sodium sulphate is produced ? 

Solution : First reckon how much anhydrous hydrochloric acid gas 
is wanted ; from this find the individual substances. 

22. What per cent, of its weight of hydrochloric acid 

gas does water contain, which has absorbed 400 
times its volume of this gas ? 

23. What per cent, of hydrochloric acid gas does the 

liquid contain, when one liter of water has absorbed 
50 1 of the gas ? 

24. How many cubic centimeters of hydrochloric acid 

gas does i g of aqueous acid contain which corre- 
sponds to the formula HCl -f- 5 H^O ? 
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IV.— NITROGEN. 

1. If the spec. grav. by weight of air amounts to ^ in 

relation to water, how great is the same in relation 
to hydrogen? 

2. What does i cu m of air weigh at o° and 760 mm 

pressure ? 

3. How much is the spec. grav. by weight of air in 

relation to ^^'ater; how much is that of water in 
relation to air as unit ? 

4. What is the volume-weight of air referred to oxygen 
as unit ? What, referred to nitrogen as unit ? 

5. If it be granted that air consists of 79 volumes of 

nitrogen and 21 oxygen, how many times heavier 
is one volume of air than an equal volume of 
hydrogen ? 

6. Compute from the data in the preceding examples 
the percentage composition of air. (Spec. grav. 
of nitrogen ^ 14.) 

7. Required i cu m of nitrogen. How much air is to 
be deprived of oxygen, and how much phosphorus 
must be burned (composition of air as in Ex. 5), 
if 62 parts of phosphorus unite with 80 parts of 
oxygen ? 

NITRIC ACID. 

8. How much nitric acid is obtained from 170 g of 

sodium nitrate? 
Solution: Na^CXjOj -|- SO^.H^O = Xa,0,SO, + NjOj.HjO. 



170 gS 14a 126 

[2 (Xa,XOs> + H.SO^ = NajSO^ + 2 (HXO^) ]. 

9. How much nitric acid.(N.;05.HjO) is obtained from 
the followng jmiounts of sodium nitrate : — 
a. 85 as., </. 8.517 g, 

d. 17 g. e. I Kg 700 g, 

c. I Kg. / 8.5 g? 

10. \Miat per cent of water does tliis nitric acid con- 
tain ? 
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11. How much anhydrous acid do the quantities in the 

foregoing examples contain ? 

12. How much water must be taken in every case in 

order that the acid may contain 40 per cent, water ? 

13. How much nitric acid containing 46 per cent, of 

its amount of water may be obtained from 1700 g 
of sodium nitrate, and how much water must be 
taken ? 

14. What amount of sulphuric acid is needed to decom- 

pose the following quantities of sodium nitrate : — 

a. 170 Kg, c. 8.S g, e. i Kg, 

b. 85 fi)s., (^. 20 g, /. 12 g? 

Solution: NajO.NjOj + SOa.H^O = etc. 



170 98 

(2 NaNOg + H2SO4 = etc. 

For 170 parts 98 are needed. 

" I part tVt " 

" 20 parts are needed, etc. 

^ 170 

15. How much sodium nitrate and sulphuric acid would 
be required to yield nitric acid as follows : — 

a. 126 g, c. 25.2 g, e. 100 g, g. I Kg, 

b. 63 Bbs., d. 6.3126 g, /! no tt)s., h. 700 g? 

16. What quantity of nitrate of soda and sulphuric acid 

are required, and how much water must be taken in 
order to obtain the following amounts of acid with 
40 per cent, of the water : — 

a. 450 Bbs., b. I Kg 800 g ? 

Solution : First reckon the quantity of anhydrous acid contained in 
the required amount of acid, then the amount of both 
substances necessary for it, and from the water belonging 
to it deduct the quantity already contained in it as hydrate. 

17. How much nitric oxide may be oBtained from the 

following amounts of anhydrous nitric acid : — 

a. 432 Bbs., c. I ft)., £■. 6 g? 

^. 216 g, d. 2.84 g, 
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Solution: 4 N3O5 + 3 Cu = 3 (CuO.NjOs) + 2 NO. 

432 60 

Or = 3 [ (NO,) 2 Cu] + 2 NO. 

18. How much nitric acid may be obtjiined from the 

produced nitric oxide by mixing with air, if it be 
granted that only nitrous acid is formed ? 

19. What amount of nitric oxide and nitrous acid (by 

the same conditions as i8) may be obtained from 
the following quantities of nitric acid containing 
75 per cent, of anhydrous acid : — 

a. 72»)s.. d. 2 Kg, ^- 5 g? 

20. About how much heavier will any quantity of water 

become when the following amounts of nitrous acid 
have passed through it : — 

a. 22Sg, 6. 57 g. f- 4g? 

AMMONIA. 

21. What is the percentage composition of ammonia? 

22. What is the percentage composition of sal-ammoniac ? 

23. How much does one liter of ammonia gas weigh? 

24. What is the spec. grav. of ammonia when referred 

to air as unit ? What, referred to water ? 

25. How many grams of ammonia gas will be absorbed 
by 5 liters of water, if it be granted tliat it takes up 
500 times its volume ? In what proportion will the 
weight of the water be increased by this operation ? 

26. How much ammonia will the following quantities of 

sal-ammoniac furnish : — 

«• 535 g. ^- 535 ft>s., c. I ft., d. looog? 

27. How much ammonia may be obtained from 56 g of 

burnt lime and 107 g of sal-ammoniac? Must the 
quantities of both materials be given, or is one con- 
ditioned by the other, and does the amount of lime 
given suffice for the calculation of the ammonia ? 
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28. What amount of ammonia can be mac^ from the 

following quantities of burnt lime by means of sal- 
ammoniac : — 
a. 28 g, b. 7 Bbs., c. i ft)., d. lOOO g? 

29. How much calcium chloride would be obtained in 

these cases ? 

30. How much burnt lime is needed to yield sal- 

ammoniac as follows : — 

a. 107 g, b. 53.5 ft)s., c. I ft)., d. I Kg? 

31. How much sal-ammoniac can be decomposed by' 

means of the following amounts of lime : — 

a- 56 g, c. I Kg, e. 523.36 g, 

b. 7 ft)s., d. 0.523 ft)s., / 57.57 g? 

32. What amount of sal-ammoniac must be used to 

yield ammonia as follows : — 

a. 34 R)s., c. iA,.()i, g, e. i ft)., 

b. 17 g. d. 317-757 g. / 1000 g? 
Solution: 2 (NH^Cl) -|- =2 NHj -^ . . . . 

107 34 

For 34 take 107, for one (l) also Y/ ^t"^- 

Or: ;j 3^4-95 etc. 

33. How much lime must be used to yield the following 
amounts of ammonia : — 

a. 34 g, c. 8.5 g, e. 607.14 ft)s., 

b. 17 ft)s., d. 0.60714 g, / iooft)s. ? 

34. How much sal-ammoniac and lime are necessary to 

yield ammonia as follows : — 

a. 1000 g, b. 10 ft)s. ? 

35. It is required to make an ammonia solution, in which 

the water has absorbed 700 times its volume of 
ammonia gas. For this 10 liters of water are taken. 
What is the least quantity of sal-ammoniac and 
lime necessary ? (Ans. in Kilos ?) 
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v.— SULPHUR. 

1. How much sulphur may be obtained from 840 fts. 

of iron pyrites; how much burnt residue remains 
behind ? 

2. How much sulphur and residue may be obtained 

from the following quantities of pyrites : — 

a. I Kg, b. 1000 S)s., c. 35 g, d. i ft). ? 

3. How much pyrites is necessary to obtain the follow- 

ing amounts of sulphur by distillation : — 

a. 192 g, c. I S)., e. 2$^lj'S)s.} 

b. 96 g, d. 8 Kg, 

4. What amount of sulphurous acid (sulphur di-oxide) 

results from the decomposition of 32 g of sulphur? 

5. How much sulphurous acid may be obtained by 

burning the following amounts of sulphur : — 

a. I g, b. 2oft»s., c. 50 Kg, d. i Kg, f. 5 g? 

6. WTiat is the spec. grav. of sulphurous acid ? (3 Vol. 

of the elements give 2 Vol. of the compound.) How 
does this proportion itself to the spec. grav. of sul- 
phur gas and oxygen ? 

What does i liter of sulphurous acid weigh ? How 
much oxygen is contained in it? 

7. How many liters of sulphurous acid are formed from 

the following amounts of sulphur : — 

a. I g, b. log? 

8. How much sulphurous oxide may be obtained by 
the use of sulphuric acid and the following amounts 
of copper: — 

a. 63.4 g, b. 6.34 S»s., c. I Kg 585 g, d. 1000 g? 

9. What amount of copper sulphate will be formed in 

these cases ? 
10. How much sulphurous acid will result from the 
action of carbon on sulphuric acid as follows : — 
a. 196 g, b. 98 Bbs. ? 
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11. How much sulphurous acid may be obtained from 

the following amounts of sulphuric acid by means 
of charcoal : — 

a. 196 ft)s., c. 73.5 g, 

b. 100 Bbs., d. 490 g? 

12. How much carbonic acid will be formed in this 

reaction ? 

13. What amount of sulphuric acid must be used, if it 

is required to make sulphurous acid by the con- 
sumption of the following quantities of copper : — 
a. 63.4 ibs., b. 31.7 g? 

14. How much sulphuric acid will be consumed to yield 

sulphurous acid, if copper be consumed as follows : — 

a. I g, c. 10.027 'fes., 

b. 5 g, d. 1000 g? 

15. How much copper must be consumed to yield sul- 
phurous acid from sulphuric acid as follows : — 

a. 196 Bbs., d. 31 Bbs., 

b. 3.091 g, e. 3 Kg 91.48 g? 
c- 15-45 g, 

16. How much charcoal should be mixed with the fol- 

lowing amounts of sulphuric acid, if after heating, 
charcoal and sulphuric acid disappear : — 

a. 196 g, c. 16)^ Bbs., 

b. 98 Bbs., d. I Kg 796.67 g? 

17. By the consumption of 6 g of copper sulphurous 

acid is formed ; a solution in water is to be obtained 
in which the same has absorbed 50 times its volume 
of sulphurous acid gas ; how many grams of water 
are necessary for this ? 

18. How much carbon di-oxide is formed when the 

following amounts of sulphurous acid are made 
from charcoal and sulphuric acid : — 

a. 64 g, c. 25 fibs., 

b. 3 Kg 200 g, d. 20 g ? 
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Solution: 2 SO, + C = 2 SO, + CO,. 

128 44 

From every 128 parts there will be formed 44, or from 
every ^52 there \yill be 11 parts of carbop dioxide. From 
1 part also Ji, etc. 

Or: ^=; I ^S etc. 

19. How much ((?) sulphuric acid, (d) sulphuric oxide 

must be reduced in order to obtain 64 parts by 
weight of sulphurous acid? How much oxygen 
must the sulphuric acid be deprived of? 

20. How much sulphuric acid must be reduced in order 

to obtain the following amounts of sulphurous 

acid: — 

a. T,2 fl)s., c. 5 Kg, 

d. 5 ft)s., </. 200 g ? 

21. \\'hat portion of the applied sulphuric acid will 

be reduced (<?) by the use of copper, (d) charcoal ? 

22. How much sulphuric acid is needed to j-ield the 

following amounts of sulphurous acid (i) by means 
of copper, (2) by means of charcoal : — 

a. 64 ft)S., c. 10 Bbs., 

d. 32 g, d. 20 g? 

23. How much sulphuric acid and copper are needed to 

}'ield sulphurous acid as follows : — 

(7. I Kg, ^.100 S)s. ? 

24. How much sulphuric add and charcoal are neces- 

sary for the same quantities ? 

25. How much sulphuric acid and charcoal are neces- 

sar}- to }-ield i cu m sulphurous acid ? 

26. How much sulphuric acid and charcoal are needed 

for ICX5 liters of sulphurous acid ? 

27. How much sulphuric oxide is furnished b\- the 

oxidation of sulphurous acid as follows : — 

a. 64 ft)s., c. I fti., 

d. 52 g, d. 1000 g? 

c 
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28. What amount of oxygen will be consumed by the 

operation ? 

29. What amount of sulphuric acid corresponds to this ? 
What is the amount of the combined water ? 

SULPHURIC ACID. 

30. How much (i) sulphuric oxide, (2) sulphuric acid 

may be obtained from the sulphurous acid which 
comes from the following amounts of sulphur : — 

a. 32 lbs., c. 8 g, e. 100 Bbs., 

b. I ft)., d. \ ^, / I Kg? 

31. How obtain the quantity of sulphuric oxide which 
arises from a given quantity of, a. sulphur, b. sul- 
phurous acid ? 

32. When I Kg of sulphur and the like amount of 

sulphurous acid are made into sulphuric acid, how 
much sulphuric oxide may this contain? How 
much water may it contain ? How much of an acid 
containing 90 per cent, of a pure hydrated acid ? 

33. How much sulphurous acid is needed to form sul- 
phurous oxide as follows : — 

a. 80 g, c. I Kg, e. 11.33s g? 

b. 20 ft)s., d. 5 ft)s., 

34. What quantities of sulphurous acid and water are 

necessary to form sulphuric acid as follows : — 

a. 98 g, c. 6.125 ^s., e. 14.700 Kg? 

b. 7 R)s., d. 1000 g, 

35. How much oxygen is necessary for these? 

36. How many cubic centimeters of oxygen are needed 

to convert 10 cu m of sulphurous acid into sul- 
phuric acid ? How much anhydride and hydrated 
acid may be obtained, and how many liters of water 
are necessary for the latter ? 

37. How much of an acid may be obtained, which, in 
addition to its water of composition, still may contain 
exactly y^ its molecular weight of water ? 
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38. What yield of sulphuric acid will these amounts of 

sulphur give, when no loss takes place a. 32 Kg, b. 
16 cwt. ? How much of an acid which has this com- 
position: SOs.HjO -f- J2 water? How much oxygen 
and air are necessary, and how much water remains 
in the acid obtained? (Oxygen 23 per cent, by 
weight of air.) 

39. What is the quantity, by theory, of sulphuric acid 

resulting from — 

a. I Kg, b. 100 ft>s. of sulphur ? 

How many cubic centimeters of oxygen and air 
(with 20.9 per cent O) are consumed in the oxi- 
dation ? 

40. \A'^hat amount of oxygen will be consumed to yield 

the English sulphuric acid from 50 Kg of sulphur ; 
how much nitrogen will be eliminated ; how much 
water absorbed ; how much sulphuric acid, and acid 
of the composition designated in 38, generated? 
The quantity of oxygen is to be given which is 
consumed by the burning, and the amount which is 
necessary in the subsequent oxidation. 

41. How much sulphur must be burnt; what is the least 
amount of a. oxygen, b. air to be introduced ; how 
much water must be combined, to obtain 1091.8 Kg 
sulphuric acid of the composition given in 38 above ; 
and how much nitrogen must be conducted off? 
Oxygen and air are to be given in Kg and cubic 
meters. (Composition of air as in IV. 5 , 6.) 

HYDROGEN SULPHIDE. 

42. What is the percentage composition of hydrogen 

sulphide ? 

43. WTiat is the spec. grav. of hydrogen sulphide, (hydro- 

gen = i), if by the union of the elements 3 volumes 
will be condensed to 2 ? '\Miat is the weight of 
I cu dm of hydrogen sulphide ? 
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44. How much a. sulphurous acid, and b. water will fur- 

nish hydrogen sulphide as follows : — 

a. 34 g, b. 17 g, c. 340 g, d. 2S)S.? 

45. How much a. sulphurous acid, b. water will furnish 

I cu m of hydrogen sulphide? (Ans. in grams and 
liters.) 

46. How much oxygen will be consumed by this opera- 
tion? 

47. How much hydrogen sulphide may be obtained 
from ferrous sulphide as follows : — 

a. 88 g, c. 22 g, e. 361. i g, 

b. 4 Kg 400 g, d. I ft)., /. I Kg ? 

48. What amount of sulphuric acid is required for each 

of these decompositions ? 

49. How much ferrous sulphide and sulphuric acid are 
required to give hydrogen sulphide as follows : — 

a. 34ft)s., b. 139.5 g, c. 3.2411S ft)s., d. 1523.2 g? 

50. What quantities of ferrous sulphide and sulphuric 

acid are needed to give a. i liter; b. 0.25 cu m of 
hydrogen sulphide ? 



VI.— PHOSPHORUS. 

1. How much phosphorus is contained in phosphoric 

acid (P2O5) as follows : — 

a. 142 g, b. 35.5 ft)s., c. 2 ft)s., d. <, %! 

2. What is the least amount of pure carbon to be taken 

for a liquid containing free phosphoric oxide as fol- 
lows, in order to obtain the phosphorus from it : — 
a. "J I ft>s., b. I ft)., c. 10 g, d. I Kg? 

2 P -j- 5 CO 

142 60 62 140 

For 142 parts by weight 60 parts by weight of carbon are 
needed ; for i part by weight -f^-^, etc. 
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3. In these cases how much phosphorus and carbonic 

oxide will form ? 

4. When 677.48 g of phosphoric oxide are made by 

the burning of phosphorus, how much phosphorus 
is used ; how much oxygen ; how much air (accord- 
ing to volume) will be consumed ? 

5. How much phosphine gas ma}- be obtained, accord- 

ing to theor}-, by means of phosphorus as follows : — 
a. 124 g, b. 62 g, c. 5 g, df. log? 

Solution: 3 ^CaO, H^O) + S P = 3 (CaO,P,0) + 2 PH,. 

24S 68 

6S parts of phosphine may be obtained from 24S parts 
of phosphorus ; /Jj from i part of phosphorus, etc. 

6. What is the percentage composition of phosphine ? 

7. How many liters of phosphine, by theory, will the 
following amounts of phosphorus yield : — 

<'- 100 g, b. 33.333 g? 

8. In order to yield phosphine as follows, how much 

lime, water, and phosphorus are necessary by 

theorj' : — 

a. 34 g, b. log, c. 1.5232 g? 

9. How much of the same for — 

c7. 1 liter, b. 0.25 cu m ? 



VII.— CARBON. 

1. How much (i) carbon mon-oxide, (2) carbon di-oxide 
(carbonic acid) are furnished by burning 12 g of 
carbon ? 

2. How much of the same by burning carbon as 

follows : — 

a. I Kg, c. I cwt., £. 1 500 g, 

b. 250 g. d. 0.12 g, /. 300 g? 

3. What amount of oxygen will be consumed for this ? 
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4. How would you find the quantity of a. carbon mon- 

oxide, (J. carbonic acid which may arise from a 
given quantity of carbon ? What is the quantity of 
oxygen necessary for both combustions ? 

5. What is the weight of i cu m a. carbon mon-oxide, 

l>. carbonic acid ? 

6. How many cubic meters of oxygen are required for 
the complete combustion of 1000 Kg of carbon ? 
How much air ? 

7. How many if only carbon mon-oxide is obtained ? 

8. How many cubic centimeters a. carbonic acid, 

i>. carbon mon-oxide will be obtained in examples 
6 and 7 ? 

9. From the following quantities of carbonate of lime, 

how much carbonic acid may be obtained : — 

a. 100 g, c. 25 Bbs., e. 1000 Kg, 

i>. I Kg, d. I g, /. 227.3 Kg? 

10. How much carbonic acid may be obtajned from a 

sufficient quantity of lime by means of — 
a. 8.793 g of hydrochloric acid, i>. 11.805 S sul- 
phuric acid ? 

11. How much carbon mon-oxide maybe obtained by 

conducting the generated gas over heated carbon ? 

12. A sufficient quantity of calcium carbonate will yield 

how much carbonic acid by means of — 

a. 22,2)4, ft)s., d. 4666.667 g, 

of a muriatic acid containing 30 per cent, of pure 
hydrochloric acid ? 

13. What amount of carbon mon-oxide will be obtained 

by passing 30 Bbs. of carbonic acid over heated char- 
coal, and how much will the weight of the tube be 
diminished or increased ? 

14. What amount of carbonic acid must be passed 

through a vessel which contains 5.625 g of heated 
charcoal until this entirely disappears, if it be granted 
that the whole amount of carbonic acid should be- 
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come oxide, and the charcoal a pure carbon ; and 
how muchcaj-bon mon-oxide do we obtain ? 

15. How much carbon mon-oxide may be obtained from 

<?. 90 g of oxalic acid when the pure acid is taken 
without the water of crj'stallization, d. 126 g if 2 
molecules of water are present ? 

16. About how much heavier will the vessel with the 

lime water become, in which tlie gas of tlie pre- 
ceding quantities was washed ? Wliat will still be 
given off from it ? 

17. a. How many cubic decimeters of carbon mon-oxide 

may be obtained from i Kg 840 g neutral potassium 
oxalate? d. How many from i Kg 460 g acid 
potassium oxalate? 

(Formula of the neutral salt K3C2O4 + HjO. \ 
acid " KHC204 -f H.O./ 

18. What quantity of sulphuric acid is needed to expel 

the carbonic acid from the following quantities of 
calcium carbonate : — 

a. 100 g, c. 3 g, I.: iioSbs. ? 

fi. 10 ftis., d. 150 Kg, 

19. How much sulphuric acid is needed for an equal quan- 

tit}-. if it may }et contain 'i its molecular weight of 
water in addition to its water of composition ? 

20. How much muriatic acid, containing 2' per cent, of 
hydrogen chloride, is necessary to expel the carbonic 
acid from tlie following amounts of calcium car- 
bonate : — 

ct. 100 g, I. 3 g, c. 1 10 ft)S. ? 

d. lo tt>s.. d. 150 Kg. 

21. \\'hat amount of pure carbon must be burnt to yield 

carbon mon-oxide as follows : — 

rf. 28 g, <-. 80 g, <■. 0.5 g, 

/>. 21 fts., d. I ft., f. 1354.4 g? 

22. What amount of carbon must be burnt to yield 

100 UterS of carbon mon-oxide ? 
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23. How much carbon must be burnt to produce car- 
bonic acid as follows : — 

«. 44ft)s., ^-SSZg, e.4Kg400g, 

b. 22 g, d. 1971.2 g, / 122.1 g? 

24. How much to produce, a. 1 860.1 cu m, b. 1000 cu m? 

25. What quantities of acid potassium oxalate and sul- 

phuric acid are needed to yield, a. 55.8 cu dm, 
b. JArA cu m of carbon mon-oxide ? 

Solution : First it is necessary to find the weights of the required 
gases, then, according to the formula in example 17, that 
of acid potassium oxalate, and afterwards that of the 
sulphuric acid, of which two molecules by weight were 
necessary. 

26. How much calcium carbonate, muriatic acid con- 
taining 30 per cent, of hydrochloric acid gas, and 
carbon are needed to yield 30 g of carbon mon- 
oxide ? 

27. How much calcium carbonate and sulphuric acid 
with y^ the molecular weight of water, besides the 
hydrate, are needed for i cu m of carbonic acid ? 

28. What amount of calcium carbonate would be re- 

quired for the evolution of carbonic acid, when 
1000 liters of water under a pressure of 4 atmo- 
spheres shall have been saturated by the evolved 
gases ? How much sulphuric acid is necessary for 
this? 

CARBON DISULPHIDE. 

29. How much sulphur must be transformed into vapor 

to yield carbon di-sulphide as follows : — 

a. 76 g, b. 38 Bbs., c. 5 JJbs., d. 20 g? 

How much lighter will the tube containing the car- 
bon become ? 

HYDRO CARBONS. 

30. What is the percentage composition of ethylene gas ? 

31. What is the percentage composition of mine gas? 
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How much oxygen is needed to burn i cu m of 

ethylene and what results ? 
How much oxygen is required to burn i cu dm of 

mine gas; and how much of both of the burnt 

products will be obtained ? 



VIII.— FLUORINE. 

What is the percentage composition of hydrofluoric 

acid? 

How much hydrofluoric acid may be obtained from 

fluorspar as follows : — 

«• JS g, b- 39 ftts., c. 25 g, d. I Kg? 

\Miat amount of hydrofluoric acid, containing 36 per 

cent, of tlie acid contents, may be obtained from a 

sufficient quantity of fluorspar by meems of sulphuric 

acid as follows : — 

a. 98 fts., b. 49 g, 

c. 12.25 g. </. 12 g? 

How much fluorspar and sulphuric acid are required 

to yield hydrogen fluoride as follows : — 

a. 2ofts., d. 30 g, 

b. 10 g, c. I Kg, 

c. I g, /. I ft). ? 

What amount of fluorspar and sulphuric acid are 
necessary to yield the following quantities of hydro- 
gen fluoride containing 20 per cent, of water, and 
how much water will be consumed : — 

a- 25 g, <i. I g, 

b. 35 fl)s., c. I ft). ? 

'•■ 5 g, 
\\liat amount of calcium sulphate will be obtained by 
the preparation of hydrogen fluoride as follows : — 

a- 40 g. c. I g. 

b. 20 S)s., d. 30 g ? 
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IX.— POTASSIUM. 

POTASSIUM HYDRATE. 

1 . What amount of potassium hj^drate will the following 

quantities of potassium carbonate yield : — 
a. 138 lbs., c. I Kg, 

d. 69 lbs., d. 200 lbs. ? 

Solution: K^O.COj + CaO.H^O = KjO.H^O + CaO.CO^ 

138 74 112 100 

Or, K2CO3 + HjCaOj = 2 (KOH) + CaCOa 

138 74 112 100 

2. How much (i) calcium oxide, (2) calcium hydrate 

are necessary for this ; and how much potassium 
carbonate remains behind ? 

3. What amount of burnt lime and potassium carbonate 

are required to yield caustic potash as follows : — 
a. 112 lbs., c. 25 g, 

i>. I lb., d. 8ii.6g? 

POTASSIUM CARBONATE. 

4. How much tartar must be heated to furnish pure 
potassium carbonate as follows : — 

a. 69 g, d. 1 Kg, 

d. 138 lbs., e. 25 g? 

c. I lb., 

Formula of cream of tartar : — 

KHC4H4O6 or, C4H4O4 \ ^ 
K,H j^^- 

5. How much potassium chloride must be precipitated 

with tartaric acid, to obtain the necessary quantities 
of tartar for yielding pure potassium carbonate as 
follows : — 

a. 6 g, d. I Kg, 

d. 100 g, e. 25 g? 
c. 10 lbs.. 
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Solution : It is easy to reckon the last quantity and from this the 
quantity of potassium chlorate, yet this is not necessary, 
since the quantity of potassium remains unchanged in all 
compounds. We can determine directly the chloride 
of potassium from the carbonate, in doing which we must 
bear in mind tlie unlike number of atoms. 

POTASSIUM NITRATE. 

6. What is the percentage composition of saltpeter ? 

7. How much potassium nitrate can be obtained from 

calcium nitrate as follows : — 

a. 1000 g, c. 1000 lbs. ? 

b. \2 cwt., 

8. How much potassium carbonate, is necessary for 
this? 

9. What quantities of calcium nitrate and potassium car- 

bonate are needed to yield saltpeter as follows : — 

a. 202 lbs., d. 14 cwt, 78 lbs., 

b. \QO lbs., e. icxx) cwt. ? 

c. 1 23 1. 7 g, 

10. What is the least quantity of calcium carbonate that 

must be mixed with looo hundred- weight of a 
substance containing 12 per cent, nitrogen, for the 
formation of saltpeter, and how much saltpeter may 
be obtained according to theory ? 

11. How much potassium nitrate and sulphuric acid are 

needed, and how much water must be consumed to 
yield nitric acid as follows containing 80^4 per cent., 
of anhydride : — 

a. 72.71 ft)s., b. 22.3 g? 

12. What amount of potassium nitrate, sulphuric acid, 

and water are necessary to furnish i Kg of aqua- 
fortis containing 28. 5 per cent, of nitric anhydride? 

13. How much sulphur and carbon, supposed to be pure, 

must be mixed, by theory, with 100 parts of salt- 
peter in order to yield gunpowder ? 

14. \Miat is the percentage composition of gunpowder, ac- 

cording to theory, when mixed \\ith pure materials ? 
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15. How much of the individual products may be ob- 

tained by burning a. 100 lbs., b. 5 g of such gun- 
powder ? 
Solution: K^O.NjOs + 3C-|-S = K2S + 2N + 3 COj 

270 110 28 132 

16. What volume, without regard to the raising of tem- 

perature, do these gases occupy in these cases ? 

17. How much gunpowder must explode, if the gas- 
forming products, reduced to 0° and 760 mm, occupy 
a space of «. lOO cu m, b. 50 cu dm? 

18. Reckon in every case the contents per volume of 
both gases evolved by this means. 

POTASSIUM CHLORATE. 

19. How much chlorine is necessary to yield potassium 

chlorate with potassium hydrate as follows : — 

a. 336 lbs., c. I lb., 

b. 33.6 g, d. 200 g? 

20. What is the entire product of both salts ? 

21. What amount of potassium chlorate is contained in 

these quantities ? 

22. How much potassium chloride can we obtain from 

a. 100 pts. of the product, b. i pt. of potassium 
chlorate ? The two salts, therefore, bear what ratio 
to each other ? 

23. How much potassium hydrate, black oxide of man- 

ganese, and hydrochloric acid are needed to yield 
potassium chlorate as follows : — 

a. 122.5 %, c. I Kg, 

b. I lb., d. 20 lbs. ? 

"LIVER OF SULPHUR." 

24. What quantity of potassium carbonate should be 

taken, with sulphur as follows, in order to obtain 
liver of sulphur : — 

a. 512 g, c. 8 Kg, 

b. 10 g, d. 100 lbs. ? 
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25. How much liver of sulphur may be obtained, and 

carbonate liberated ? 

26. What amount of pentasulphide of potassium is con- 

tained in the obtained amounts of liver of sulphur ? 

27. What per cent. ? 

28. a. How is the quantity of sulphur contained in the 

sulphide of potassium related to that contained in 
the potassium sulphate ? 

B. What amount of the sulphur taken may be ob- 
tained as milk of sulphur, by tlie use of liver of 
sulphur with hydrogen chloride ? 

29. The sulphur and potassium carbonate, that are heated 

together, bear what relation to each other ? 



X.— SODIUM. 

(The examples which are related to the preceding, 
and are similar to those of potassium, are omitted 
in this place.) 

1. When you are dealing with a chemical reaction, in 

which caustic soda or caustic potash shows the same 
phenomena, which of the substances is it advisable 
to employ, if the price is tlie same ? 

2. If the price of potassium carbonate and 

a. Carbonate of soda free from water, 

b. " " containing water 

is the same, which of the two substances is it better 
to use, other things being equal ? - 

3. a. How must the prices of the substances stand, if 
in this respect it is immaterial which of the two is 
used? 

6. How must the price of the anhydrous sodium 
carbonate, regardless of other circumstances, propor- 
tion itself to that of the hydrous, if only the real 
■\-alue be considered ? 
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4. What is the percentage composition of sodium car- 

bonate — 

a. effloresced, 

b. crystallized ? 

5. How much soda will the following quantities of 
sodium sulphate yield : — 

a. 426 lbs., c. 71 Kg, e. 1000 Kg, 

b. 213 lbs., d. 1000 lbs., /. 70 cwt, 

if the following formulae be made the basis of the 

soda process : — 

3 (Na20,S03) + 4 (CaO.COs) +130 = 
3 (Na20,C02) + 3 (CaS) + CaO + 14 CO ? 
Or, 3 Na^SO^ + CaCOj +130 = 

3 Na^COa + 3 CaS + CaO + 14 CO ? 

6. How much calcium carbonate and carbon are re- 

quired by this acceptance, according to theory, for the 
decomposition of the above quantities, pure material 
supposed ? 

7. How much anhydrous sodium sulphate, calcium 

carbonate, and carbon, under like conditions are 
needed to yield anhydrous carbonate of soda as 
follows : — 

«. 318 lbs., c. 1000 lbs., 

b. 746.48 Kg, d. 500 Kg ? 

8. What amounts of crystallized sodium sulphate, car- 

bonate of lime, and carbon, under the same con- 
ditions, are necessary according to theory to yield 
crystallized sodium carbonate as follows : — 

a. 858 lbs., c. 1000 cwt, 

b. 143 cwt, d. 100 Kg? 

9. How much sodium chloride must be employed in 
the operation to yield the desired quantities in 7, 
and how much muriatic acid gas will be set free ? 

10. What are the quantities of the different materials 
that, under the same suppositions, are necessary for 



CHEMICAL PROBLEMS. 39 

the production of loo Kg of anhydrous carbonate 
of soda, and what are the resulting products by 
this operation? 

BI-CARBONATE OF SODA. 

11. What is the percentage composition of bi-carbonate 

of soda ? 

12. How many cu cm of carbonic acid, at o°, does i g 
bicarbonate of soda yield, when it is decomposed by 
the excess of acid ? 

13. How many cu dm carbonic acid can be obtained 
from a solution which contains 53 g of anhydrous 
carbonate of soda, if this be converted into acid 
salts? 

14. In what proportion must crystallized and anhydrous 

carbonate of soda be mixed, that the mixture may 
receive the required quantity for the production of 
the acid salts ? 

15. How many cubic decimeters of carbonic acid are 
evolved by heating i Kg bi-carbonate of soda ? 

16. In what proportion should bi-carbonate of soda and 

tartaric acid (QHsOg) be mixed, if after the dissolu- 
tion, neither of them shall remain in excess ? 

BORAX. 

17. What is the percentage composition of borax? 

18. What is the percentage composition of the octa- 

hedral borax ? 

19. How much borax can be obtained from a. 1500 cwt., 
b. I GOO Kg of a liquid containing 3 per cent, boracic 
acid, and how much anhydrous carbonate of soda is 
necessary for this ? 

20. What amount of octahedral borax is needed to obtain 

borax glass as follows : — 

a. 100 g, b. 20 lbs. ? 
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21. What is the percentage composition of common 
salt — 

a. in loo parts ? 

b. for lOO parts of sodium ? 

c. " " chlorine? 



XI.— AMMONIUM. 

1. In what relation do the gases stand by volume of 

the decomposed products of mercuric di-ammonide 
(Hg[NH4]2)? In what relation do the same stand 
by weight ? 

2. What quantities of ammonium sulphate and common 

salt are required to yield ammonium chloride as 

follows : — 

a. lOO cwt, d. lo lbs., 

i>. 8og, c. 4g? 

3. How much neutral ammonium carbonate (di-ammo- 

nium carbonate) will be necessary, how much gypsum 
decomposed, and how much sulphate of soda formed, 
to yield 100 lbs. of ammonium chloride? 

4. How much sesqui-carbonate of ammonia is necessary 

to form 90.678 g ammonium chloride, and how much 
hydrochloric acid, will be neutralized by these means 
from these quantities ? 

5. How much of a liquid, containing 15 per cent, sesqui- 

carbonate of ammonium, is required to yield 100 lbs. 
of sal-ammoniac, and how much muriatic acid, of 
20 per cent, acid content of hydrochloric acid, is 
necessary for this ? 

6. What is the percentage composition of a liquid in 

sesqui-carbonate of ammonium, of which 581.915 g 
are necessary, in order to neutralize 40 g of a muriatic 
acid containing 18 per cent, of hydrochloric acid? 

7. What is the percentage amount of ammonia in a 

liquid, if 2.5 g yield 0.27537 g of sal-ammoniac, 
with an indefinite amount of muriatic acid ? 
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XII.— BARIUM. 

1. How much barium sulphide, barium hydrate, barium 

nitrate, and barium chloride must be obtained, accord- 
ing to theory, from barium sulphate as follows : — 

a. 233 lbs., c. 100 g, 

b. 1 16.5 g, d. I Kg? 

2. How much charcoal is necessary for the reduction 

of these quantities, and how much carbonic oxide 
will be formed ? 

3. What amount of heavy spar is needed, and what is 

the least amount of charcoal that must be added, to 
yield barium chloride as follows : — 

a. 104 g, c. 250 g, 

b. 47.318 g, d. 100 lbs. ? 

4. What quantity of barium sulphate and potassium 

carbonate must be heated together to yield barium 
carbonate as follows : — 

a. 197 g, c. 100 lbs., 

b. 98.S lbs.,' d. I Kg? 

5. How much barium chloride is in a liquid, which will 
be precipitated immediately by 4.71 154 g of sul- 
phuric acid ? 

6. What per cent, of anhydrous sulphuric acid is con- 

tained in a liquid, of which 21.5 g are required for 
the precipitation of 5.6 g of barium chloride? 

7. Will still another compound be set free by this 

precipitation ? What and how much ? 

8. What per cent, of barium nitrate may a substance 

contain, of which ig.98 g yield a precipitate with a 
sulphuric acid compound which weighs 0.89183 g? 

9. If it is required to precipitate 4.5 g of barium 

chloride by means of carbonic acid, how much 
ammonium oxide, in the form of ammonium and 
H2O, must be added to the solution ? How much 
secondary ammonium carbonate is required for the 
preparation ? 

D 
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10. How much crystallized sodium carbonate and barium 

chloride are needed to yield barium carbonate as 

follows : — 

a. 20 g, b. I lb., c. I Kg ? 

1 1. Will a bye-product be obtained, and how much ? 



XIII.— CALCIUM. 

1. How much burnt lime may be obtained from calcium 

carbonate as follows : — 

a. 100 lbs., c. I lb., 

b. 1000 Kg, d. 25 g? 

2. How much calcium hydrate may be obtained from 

the same quantities ? 

3. What quantities of calcium carbonate must be burnt 
to yield burnt lime as follows : — 

a. 56 lbs., c. 140 Kg,» e. looo Kg, 

b. 14 cwt, d. lOO lbs., / 5 cwt. ? 

4. How many cu m of carbonic acid will be liberated 
in each case ? 

5. How much H2O is necessary to slake these quantities 

of lime? 

6. How many cu m of carbonic acid can a milk of 

lime absorb which contains lime as follows : — 
a:. 56 lbs., Cf 100 Kg, 

b. 100 lbs., ^.14 Kg? 

7. When a pure calcium carbonate is formed, calcium 

chloride may be precipitated with sodium carbonate. 
How much of both are required to yield calcium 
carbonate as follows : — 

a. 40 g, c. 100 g, 

b. I Kg, d. 5 lbs. ? 

8. What is the percentage composition of a. unburnt, 

b. burnt gypsum ? 
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9. How much water is necessary to harden completely 
the following amounts of burnt gypsum, if it be 
granted that no loss is sustained : — 

a. 68 lbs., c. I Kg, 

b. 17 g, d. sog? 

10. What amount of acid calcium phosphate is necessary 

to yield, by precipitation, anhydrous phosphoric acid 

as follows : — 

a. 142 g, b. 50 lbs., c. I Kg ? 

11. What is the percentage composition, according to 

theory, of anhydrous calcium chloride, correspond- 
ing to the formula ? 

12. What amount of chlorine and lime is necessary to 
yield anhydrous chloride of lime as follows, accord- 
ing to theory, if it be granted that no loss is sus- 
tained : — 

a. 254 lbs., c. 25 g, 

b. 127 g, d. 100 Kg? 

13. How many liters or cu m of chlorine are necessary, 
by the same suppositions, for — 

«. 254 g, ^.100 lbs., c. 100 Kg, 

calcium chloride? 

14. What quantity of hydrochloric acid and black oxide 

of manganese are required to evolve the necessary 
chlorine in example 1 2 ? 

15. How much calcium hydrate and black oxide of 
manganese, and how much muriatic acid of 30 per 
cent, acid content, are necessary to yield 1000 lbs. 
of calcium chloride; if this be taken anhydrous 
and contain only 35 per cent, of the whole amount 
of chlorine ? 

16. What quantity of black oxide of manganese, 25 per 

cent, muriatic acid, and calcium hydrate are re- 
quired, under the known conditions, to yield 100 Kg 
of a chloride of lime which contains 64 per cent, 
of calcium hydrate ? 
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17. If, by a calcium determination, 2.5 g of calcium 

carbonate are obtained by heating the precipitated 
calcium oxalate, what amounts of — 

a. lime, 

b. calcium chloride, 

c. " sulphate, 

may be calculated out of this ? 

18. What per cent, if 7.5 g be taken for the analysis ? 



XIV.— MAGNESIUM. 

1. What quantity of magnesite is required to yield 

1000 Kg of crystallized magnesium sulphate? 

2. What is the percentage composition of magnesia 

alba, the formulae producing it corresponding to — 

MgO.H^O + 3 (MgO,C02) +H,0? 
Or, MgO^H^ + 3 COsMg + H^O ? 
Or, C30,2Mg,H4? 

3. How much crystallized magnesium sulphate and 
. potassium carbonate are needed to yield magnesia 

alba as follows : — 

a. 164 g, c. 100 lbs., 

d. 41 lbs., d. 1000 Kg? 

4. Is the quantity of obtained magnesia and potassium 

sulphate, bearing in mind the elimination of the 
water of crystallization, equal to the sum of the 
employed substances ? In what does the difference 
lie? Loss or gain ? Which material is the cause ? 

5. How much magnesia alba (of the composition as 

above) must be heated to yield pure magnesia 
as follows : — 

a. 20 lbs., c. 100 lbs., 

b. 4 g, d. 1000 g ? 
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6. What is the percentage composition of ammonia 

magnesium phosphate? What per cent, of this 
precipitate remains behind by heating ? 

7. How much magnesia was contained in a liquid, 
which, by the precipitation with sodium phosphate 
and ammonia, gave precipitates as follows : — 

a. I.I I g, b. 3.7 g, d. 2.5 g? 

8. What per cent, (i) phosphoric acid, (2) anhydrous 

sodium phosphate do the substances contain, of 
which 2.25 g gave a precipitate with Epsom salts 
and ammonia, which after heating left residues as 
follows : — 

a. 1. 1 1 g, c. 0.37 g, 

b. 1.85 g, d. 0.074 g? 



XV.— ALUMINIUM. 

1. What per cent, of a. alumina, b. alumina sulphate 

do (i) potash alum, (2) soda alum, (3) ammonia 
alum contain ? 

2. a. What per cent, of water do these alums contain ? 
b. What per cent, of their weight will be left by 
heating ? 

3. What is the percentage composition of feldspar ? 

4. What amount of potash alum and potassium car- 

bonate are needed to yield alumina as follows, and 
how much carbonic acid will be set free : — 

a. 102.8 g, c. 10 lbs., 

b. 25.7 lbs., d. I Kg? 



XVI.— IRON. 

What per cent, of iron must be left from the follow- 
ing earths taken pure, if there is no loss : — 

a. magnetic iron ore, c. brown iron ore, 

b. hematite, d. spathose iron ore ? 
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2. How much anhydrous ferrous sulphate is employed 

to obtain, by oxydation, precipitation, and heating, 
the following amounts of sesqui-oxide of iron : — 

a. 1 60 g, c. I lb., 

b. 4g, d. 20 g? 

3. How much iron will be oxydized when rust has 
formed as follows, if it be accepted that this contains 
half as much oxygen in the hydrate as in the ferric 
oxide : — 

a. 93-S g. c. 9.35 g, 

b. I g, ^. log? 

4. What quantity of iron of 2.5 per cent, carbon is dis- 

solved by means of muriatic acid to obtain, after 
oxydation, precipitation, and heating ferric oxide 
as follows : — 

a. I g, c. 7.5 lbs., 

b. 5 g, ^. 40 g ? 

5. What per cent. a. iron, b. ferric oxide, c. ferrous sul- 

phate, d. ferrous carbonate may a substance contain, 
2-3515 g of which yield by precipitation and heating 
(i) 0.4782 g, (2) 0.1594 g of ferric oxide? 

6. How much green vitriol may be obtained from — 

a. 60 cwt, c. 30 Kg, 

b. 1000 lbs., d. 100 Kg, 
of iron pyrites ? 

7. What amount of green vitriol may be obtained from 

sulphur residue as follows : — 

a. 648 lbs., c. 1000 Kg, 

b. 100 cwt., d. 60 lbs. ? 

8. How many cu m of oxygen will be consumed in 
the formation of green vitriol in example 6 ? How 
much water must be taken up ? 

9. How much of both for example 7 ? 

10. How much sulphur is lost in example 6? How 
much oxygen is required for the same ? 
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1 1 . What amount of crystallized green vitriol, is to be 

ignited, after its dehydration, in order, without pre- 
vious roasting, to yield anhydrous sulphuric acid 
as follows : — 

a. 40 lbs., c. 200 g, 

b. 20 g, d. 100 lbs. ? 

12. How much is necessary if it has been previously 

roasted ? 

13. What quantity of water must be expelled from every 

100 parts for the obtained anhydrous acid a. when 
it has not been roasted, b. when it has been roasted ? 

14. How much potassium sulphate and neutral ferric 
sulphate are necessary to yield — 

a. 503 g, b. 20 g, c. I lb., 

potash iron alum ? 

15. What is the percentage composition of crystallized 

ferro-cyanide of potassium ? 

16. What of ferri-cyanide of potassium? 

17. How much iron and potassium carbonate will be 
required to yield — 

a. 211 g, b. 100 lbs., c. 1000 Kg, 

of ferro-cyanide of potassium, if there is no loss ? 

18. What amount of ferro-cyanide and ferric chloride, 

both anhydrous, are necessary to yield — 

a. 860 g, c. 100 lbs., 

b. 43 lbs., d. 1000 Kg, 

of Prussian blue ? 

19. How much pure ferrous-cyanide will be obtained 
from — 

a. 184 g, c. 100 g, 

b. 46 lbs., d. 552 lbs,, 

of ferro-cyanide (anhydrous), when ferrous sulphate 
is employed and a pure compound is precipitated ? 
How much of the iron salt is necessary for this 
operation ? 
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20. What amount of ferrous-cyanide is necessary to 

make Prussian-blue as follows, by the oxydation of 

the cyanide, when this is freed from the mixed oxide 

by nitric acid : — 

a. 860 g, c. 100 g, 

<5. 215 g, d. 1000 lbs.? 

What is the weight of the oxide to be removed ? 

21. What quantity of ferro-cyanide and ferrous sulphate, 

both anhydrous, are required to yield — 

a. 430 lbs., c. 1000 cwt, 

b. 100 lbs., d. 500 Kg, 

of Prussian-blue, if the precipitate thrown down by 
the mixing of both compounds be entirely freed from 
the oxide, and ferrous-ferric cyanide be accepted as 
pure? 

22. How many cu dm of chlorine must act upon the 
solution of — 

a. 422 g, b. 20 g, c. 2.5 Kg, 

of crystallized ferro-cyanide to convert this into 
ferri-cyanide of potassium ? 

23. What amount of ferri-cyanide of potassium may be 

obtained in these cases ? 

24. How much crystallized ferro-cyanide must be taken 

to yield ferri-cyanide as follows : — 

a. 329 g. c. 25 g, 

b. 10.3 lbs., d. I Kg? 



XVII.— MANGANESE. 

1. What quantity of carbonic oxide will be liberated 
when — 

a. 87 g, c. 2.18 lbs., 

b. 4.36 g, d. 10 g, 

of manganese di-oxide are mixed with neutral potas- 
sium oxalate and covered with sulphuric acid ? 
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2. How much manganese di-oxide do four manganese 

tests contain, of which every 3.27 g by these tests 

yield carbonic acid as follows : — 

«• 2.24 g, c. 3 g, 

b. 2.50 g, d. 1.25 g? 

3. About how much lighter will a strip of copper be- 

come if it be laid in a mixture of muriatic acid and 
the following quantities of manganese di-oxide : — 

«• 43-5 g, b. 1.4s g, <^. I g? 

4. What per cent, of manganese di-oxide do the four 

manganese tests contain, by which a strip of copper 
of these weights, with muriatic acid, has lost each 
time 4 g of manganese : — 

«• 4 g, c. 5.25 g, 

b. 2 g, d. 3.15 g. 



XVIII.— CHROMIUM. 

1. What is the percentage composition of chromic iron ? 

2. How much chromic acid (anhydric) may be obtained 

from chromic oxide as follows : — 

a. 152 g, c. I lb., 

b. 100 g, d. I Kg? 

3. What quantity of di-chromate of potassium may be 

obtained from the same quantities of chromic oxide 
by melting with potassium carbonate and saltpeter ? 

4. How much pure chromic iron and potassium car- 
bonate must be taken to yield potassium di-chromate 
as follows : — 

a. 294 g, c. 100 lbs., 

b. 131.25 lbs., d. I Kg? 

5. What amount of di-chromate of potassium and sul- 

phuric acid are necessary to yield chrome alum 
as follows : — 

a. 998 g, b. 100 lbs., c. 25 g? 

What amount of water will be taken up with it ? 
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6. What is the amount of potassium chromate, that 

must be reduced and precipitated, to yield, after 
heating — 

a. 152 g, c. 100 g, 

b. 30 g, d. I lb., 
of chromic oxide ? 

7. How much di-chromate of potassium, sal-ammoniac, 

and potassium carbonate must be heated to yield — 
a. 152 g, b. 50 g, c. I lb., 

chromic oxide ? 

8. How much neutral potassium chromate and lead 

acetate (Pb,C4H804 -j- 3 HjO) are necessary to ob- 
tain lead chromate as follows : — 

a. 323 g, c- SO g, 

b. \0 lbs., d. I Kg? 

9. What per cent, chromic acid does a liquid contain, 

20.11 g of which give a precipitate of barium chro- 
mate weighing — 

a. 4.500 g, b. 10.438 g? 

10. What quantity of sulphuric acid is necessary to 
convert — 

a. 194 g, c. 10 g, 

b. 97 lbs., d. 25 g, 

of the potassium chromate into the acid salt ? 



XIX.— ZINC. 

1. What per cent, should a. zinc-blende, b. calamine 

yield, according to theory, if these be pure, and 
there is no loss ? 

2. How many cu cm of zinc (spec. grav. 7.2) must be 
burned to obtain — 

a. 40.5 g, b. 5.0625 g, c. 10 g, 

of zinc oxide ? 
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3. What amount of zinc must be dissolved to obtain, 

by precipitating with carbonate of soda and heating 
the precipitate, zinc oxide as follows : — 

a. 40.5 g, c. 5.062s g, 

A 10.125 lbs., d. 10 g? 

4. How much carbonate of soda is required ? 

5. What quantity of white vitriol and calcium chloride 

must be distilled to obtain — 

a. 136 g, b. log, c. I lb., 

of zinc chloride ? 

6. If the formula, 2 (ZriO.COs) + 3 (ZnO.H^O) be taken 

for oxide of zinc, how many cu cm are necessary 
for oxide of zinc as follows : — 

a. 547 g, c. 10 g, 

b. 273.5 g. d. I lb ? 

7. A quantity weighing 4.52 g of a substance contain- 

ing zinc gave, after the precipitation of the zinc 
with carbonate of soda, and heating the precipitate, 
1. 7 1 g of zinc oxide. 
What per cent, of — 

a. zinc, 

b. " oxide, 

c. " chloride, 

d. " sulphate, 

e. ' 
does this furnish ? 



XX.— COPPER. 

1. How much anhydrous copper nitrate must be heated, 

to obtain cupric oxide as follows : — 

a. 79.4 g, c. 100 g, 

b. i^.j lbs., d. 10 lbs. ? 

2. How much of the copper nitrate containing 3 H2O 
is required for this purpose ? 
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3. What quantify of the last mentioned salt must be 

dissolved, precipitated with alkali, and heated to 
obtain the same quantity of copper oxide ? 

4. What amounts of white vitriol and carbonate of soda 

are necessary to yield cupric oxide as follows : — 

a. 79.4 g, c. 100 g, 

b. 39.7 lbs., d. 10 lbs.? 

5. How much copper must be' dissolved by nitric acid 
to obtain cupric oxide as follows, after the pre- 
cipitation of the salt obtained, and heating of the 
precipitate : — 

a. 79.4 g, d. 62.6183 g> 

b. 39.7 g, e. 12.5237 lbs.? 

c. 125.2366 lbs., 

6. How much lighter will a given quantity of copper 
filings become, if copper oxide be formed from it in 
weight as follows : — 

a. 39.7 lbs., c. 100 g, 

b. 125.237 g, d. 5.01 g? 

7. What quantity of cupric oxide must be heated 

with — 

a. 63.4 g, c. 5 lbs., 

b. 10 g, d. 50 g, 

of copper to obtain cuprous oxide, and how much 
of the last will be formed ? 

8. How many cu dm of oxygen will be taken up by a 
liquid which contains — 

a. 71.4 g, b. 100 g, c. 63.9744 g, 

of cuprous oxide in solution ? 

9. How much oxygen can be absorbed by a liquid 
which contains in solution the cuprous oxide, origi- 
nating from the reduction of — 

a. 159.4 g, b. 223.25 g, 

of copper sulphate ? 
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10. How many cu dm of oxygen will be absorbed by 

copper which is moistened with — 

a. 196 g, b. 274.5 g, 

of sulphuric acid, containing 25 per cent, of hy- 
drate ? How much copper will be dissolved by 
this operation ? 

1 1. How much copper sulphate will be obtained from — 

a. 158.8 lbs., c. 1000 Kg, 

b. 100 lbs., d. 500 lbs., 

cuprous sulphide, if this be pure, only roasted and 
lixiviated with water ? 

12. What amount may be obtained if the roasted 

mass be lixiviated with water containing sulphuric 
acid ? 

13. What per cent, of crystallized blue vitriol may be 

obtained from an ore containing 7.5 per cent, cuprous 
sulphide, with no losses sustained ? 

14. How much copper is obtained from — 

a. 1000 lbs., c. I lb., 

b. 100 Kg, d. I g, 

water-cement which contains 10.5 per cent, copper, 
copper vitriol ? 

15. How much green vitriol will crystallize out of the 

liquid obtained by the precipitation with iron ? 

16. What quantity of crystallized blue vitriol may be 

obtained from a copper ore which contains 7.5 per 
cent, cuprous sulphide, if — 

a. 1000 lbs., c. 5000 Kg, 

b. 50 Kg, d. 1000 cwt., 

be employed in the operation ? 

17. If no loss is sustained, what per cent, should the 

following pure copper ores yield : — 

a. red copper ore, d. variegated, 

b. black copper, e. malachite, 

c. chalcopyrite, f. azurite? 
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1 8. How much copper is obtained, by theory, from — 

a. lOO Kg, b. 250 cwt, 

of a copper ore which contains 2 per cent, of 
chalcopyrite ? 

19. What is yielded by theory from an ore as follows, 

containing 25 per cent, malachite : — 

a. 100 cwt., c. 200 cwt., 

b. 1000 Kg, d. 1000 cwt. ? 

20. What per cent, of copper do alloys contain, of which 

a. 2.1 130 g, c. 1.0025 g, 

b. 3.4004 g, d. 2.2341 g, 

after solution and precipitation with potassium boil- 
ing hot, gave cupric oxide as follows : — 

a. 1.8952 g, c. 1.0044 g, 
b- 3-5879 g. ^- 2.51812 g? 

21. What per cent, crystallized blue vitriol may be ob- 

tained from a water-cement, of which 150 'lbs. have 
the capacity of making an iron bar placed into it — 

«• 250 g, b. 312.5 g, 

heavier ? 

22. When an iron bar has become — 

«• 37 g. c. 5 g, 

b. 0.37 g, d. 14.8 g, 

heavier by lying in a solution containing copper 
chloride, the increase in weight, in each instance, 
indicates the quantity of chloride. 



XXI.— MERCURY. 

How much mercuric chloride must be mixed with 
mercury to yield calomel as follows : — 

«• 471 g, c. 3 Kg, 

b. 94.2 g, <^. 56 lbs. ? 
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2. What quantity of mercuric sulphate, quicksilver, and 

common salt must be sublimed to yield — 

a. 471 g, c. 5 lbs., 

b. 15.7 lbs., d. 10 g, 
of calomel? 

3. How much mercuric sulphate and salt must be sub- 
jected to sublimation in order to obtain — 

«• I3S-5 g, b. 54.2 g, c. 100 g, 

of corrosive sublimate ? 

4. How much quicksilver must be dissolved, when 
precipitated as oxide and dissolved in muriatic acid, 
to furnish corrosive sublimate as follows : — 

a. 135.5 g, c. 10 Kg, 

b. 4 lbs., d. 100 g ? 

5. How much quicksilver ore, containing 24 per cent. 

of cinnabar, must be consumed to get — 

a. 1 10 lbs., c. 1000 Kg, 

b. 500 lbs., d. 100 cwt., 
of quicksilver? 

6. By the analysis of three liquids, which contain differ- 

ent quantities of mercuric chloride, there will be 
obtained from every 10 g of the same, precipitated 
with stannous chloride — 

a. o.s g, b. 1. 1235 g, c. 1.4500 g, 

of quicksilver. What amount of sublimate does 
each of the three liquids contain ? 

7. How much quicksilver must be taken with an excess 

of nitric acid to obtain — 

a. 17.28 g, b. 100 g, 

crystallized basic mercuric nitrate ? 
Formulae of salt: — 

2 HgO.NjOs + 2 H2O. 
Or, 2 (NO3) Hg.HgO + 2 H,0. 

8. In what proportion must mercury be mixed with 

iodine to obtain mercuric iodide ? 
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XXII,— LEAD, 

1. How much lead nitrate must be heated to give — 

a. 223 g, b. 100 g, c. 5 lbs., 

of htharge ? 

2. What amount of lead must be oxydized to obtain 

the same quantities ? 

3. How many cu dm (i) oxygen, (2) air are required 

for this oxydation? (Vid. IV, 5.) 

4. What amount of red oxide of lead is necessary to 

yield plumbic peroxide as follows, if this be taken 
as the formula for red lead Pb405 : — 

a. 239 g, c. 13.3 g, 

b. 39.9 lbs., d. I lb. ? 

5. How much oxygen is absorbed by lead oxide, if red 

lead, corresponding to the formula Pb304, be formed 
as follows : — 

a. 68s g. c. 100 g, 

b. 137 lbs., d. I lb.? 

6. What amount of lead must be worked in order to 

produce white lead as follows : — 

a. 775 lbs., c. 1000 cwt, 

b. 100 lbs., d. 10 Kg? 

7. How many cu m of carbonic acid are needed for it ? 

8. How much plumbic oxide must be dissolved in the 

following quantities of crystallized neutral acetate 
of lead to obtain basic salts : — 

a. 379 lbs., c. 25 g, 

b. I lb., d. 1 89.5 g? 

9. What amount of lead oxide will be precipitated, 

by means of carbonic acid, from the basic salts 
obtained in (8) ? 
10. When white lead is to be obtained from a given 
quantity of plumbic oxide, and acetic acid only 
applied once, then precipitated with carbonic acid ; 
how much acetic acid is necessary ? 
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1 1 . How much of the plumbic oxide is obtained in the 
white lead ? 

12. VVhat quantity of white lead may be obtained by 

once dissolving and precipitating from — 

a. looo Kg, b. lOO lbs., 

of plumbic oxide ? 

13. How much plumbic oxide must be taken under the 
same suppositions to yield white lead as follows : — 

a. 1550 lbs., c. 77.23 Kg, 

b. 772.3 lbs., d. 1000 Kg? 

14. When there is no loss, what per cent, of lead must 

the following ores yield : — 

a. galena, b. cerusite, c. anglesite? 

15. How much lead ore, containing 45 per cent, galena, 
is necessary to produce lead as follows : — 

a. I lb., c. 100 Kg, 

b. 1000 lbs., d. 4000 Kg? 

16. What per cent, of lead do three alloys contain, of 

which every — 

1.5231 g, 2.0026 g, 4-1170 g, 

after being dissolved in nitric acid, give precipitates 

with sulphuric acid weighing — 

«. 1.4854 g, ^. 1.4658 g, <:. 4.2184 g? 



XXIII.— SILVER. 

1. What per cent, of silver does silver nitrate contain? 

2. How much pure silver must be dissolved to give 

silver nitrate as follows : — 

«• 340 g, c. 5 g, 

b. I g, d. 100 g? 

3. How much silver nitrate may be obtained from three 

mark pieces when the same together weigh 16.7 g 
and contain 90 per cent, of silver ? 

E 
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4. 100 marks may be coined from a pound of silver, 
and as much copper added as to make the compound 
0.900. How much cupric nitrate (with three mole- 
cules of H2O) may be obtained from the solution of 
100 marks? How much lunar caustic ? 

5. How many marks are dissolved to yield caustic as 

follows, if a mark weighs 5.556 g and has fine 

quality of 0.900 : — 

a. 100 g, b. I lb., c. 78.71 g? 

6. What amount of «. HCl, b. barium chloride, c. sodium 

chloride is contained in a liquid from which silver 
solutions give a precipitate weighing 3.59 g? 

7. What per cent, of chlorine do two substances contain 

of which — 

a. 2.1340 g, b. 3.4203 g, 

give a precipitate of silver chloride weighing 
1. 19667 g? 

8. How much must the precipitates weigh which give 

pure sodium chloride as follows, with a silver solu- 
tion : — 

a. 5.2401 g, b. 2.0301 g? 

9. What per cent, of pure silver is contained in an 

alloy, of which 2.505 g, with a solution of common 
salt, give a precipitate amounting to 2.66272 g? 

10. How much plumbic oxide can be obtained from 

1000 lbs. of lead which contains 0.5 g of silver to 
the pound ? 

11. How much gold, silver, and crystallized blue vitriol 

may be obtained by the refining of 1500 g of silver 
which contains ^i^ gold and rf^^^ silver? How 
much copper will be consumed by this operation ? 

12. What amount of gold, silver, and blue vitriol may 

be obtained by the refining of old silver coins in 
quantities of — 

a. 150 g, b. 200 Kg, c. 30 g? 

The gold amounts to 0.002, the silver to 0.9. How 
much copper will be consumed ? 
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13. If a copper sheathing is laid in a solution of silver, 

after separation of the silver precipitated thereon 
it has become — 

a. dlA g. c. 5 g, 

b. 10 g, d. 2.5 g, 
lighter; how much silver nitrate was then contained 
in the solution ? 

14. Copper sheathing is laid in diiferent solutions of 

silver chloride and common salt. After the pre- 
cipitation of all the silver, the sheathings, with the 
silver precipitates, weigh — 

a. 15.26 g, c. 1.09 g, 

b. 0.763 g, d. 2.18 g, 

more than before. How much silver chloride does 
each of the four solutions contain ? 



XXIV.— TIN. 

How much tin and HCl are required to yield 
stannous chloride as follows : — 

a. 225 lbs., d. 100 g, 

b. 75 Kg, e. 100 lbs.? 

-^^ 5 g. 
How much of a muriatic acid containing ^ of the 
acid is needed for the same purposes ? 
How many cu dm of chlorine must be conducted over 
tin as follows, to convert the same into stannic chlo- 
ride : — 

a. 118 g, c. 5.9 g, 

i- 2.9s g, '^^ 5 g? 

From how much black oxide of manganese and 

HCl must the chlorine be evolved to change — 
a. 118 g, c. 5.9 g, 

b- 2.9s g. d. 5 g, 

of tin to stannic chloride ? 
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5. How much tin ore, containing 9 per cent, tinstone, 

is required to yield — 

a. 100 lbs., b. 1000 cwt, c. 500 Kg, 

of tin ? 

6. What per cent, of tin do two alloys contain of which — 

a. 3.02 g, ^ b. 2.5016 g, 

by treating with nitric acid, 'after heating, give — 

a. 1.9198 g, b. 0.79s g, 

of a residue ? 

7. The tin is precipitated as sulphide from a liquid 

amounting to 26.54 g and this is converted by 
roasting into oxide. 4.3978 g are obtained from 
this. What per cent, of stannous chloride does this 
liquid contain ? 



XXV.— ANTIMONY. 

1. What per cent, of antimony do two alloys contain 

of which every 2.5402 g, by treating with nitric 
acid, give — 

a. 0.797 g, b. 0.836 g, 

of antimonic acid ? 

2. How much antimonous sulphide is employed in the 

operation to obtain, by heating with sodium and 
sulphur, first sodium sulph-antimonate (Schlippe's 
salts, SbSiNaj -|- 9 HjO), and then, by the addition 
ofan acid, the following quantities of antimonic sul- 
phide : — 

a. 404 g, c. 1 0.1 lbs., 

b. 50.5 g, ^. I g? 

3. What quantity of antimonous chloride and sodium 

carbonate are required to yield — 

a. 292 g, b. 14.6 g, c. I lb., 

of antimonic oxide? What bye-products will be 

obtained, and how much ? 
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4. How much Schlippe's salt (Vid. 2.) and muriatic 
acid of 20 per cent, of contents are necessary to 
yield golden sulphuret (Mosaic gold) as follows : — 

a. 404 g, c. I g, 

b. 10. 1 lbs., d. 100 g? 

5. What amount of sulphuric acid instead of the 

muriatic is used, if it still contains ^ molecular 
weight of water, in addition to its water of hydra- 
tion? 

6. What per cent, of antimony must be obtained by 

theory from the melted gray antimony ? 

7. In what proportion must iron and the sulphide of 
antimony be heated together in obtaining antimony ? 



XXVI.— ARSENIC. 

1. How much sulphur and arsenic must be melted 

together to obtain — 

a. 214 g, c. 100 lbs., 

b. 107 lbs., d. I Kg, 
red sulphur of arsenic (Realgar) ? 

2. How much sulphur must be melted with arsenic to 

obtain yellow arsenic as follows : — 

a. 246 g, c. 41 g, 

b. 123 lbs., d. I Kg? 

3. What amount of arsenious acid do four liquids con- 

tain from which the following amounts of arsenic 
sulphide may be precipitated by means of hydrogen 
sulphide : — 

a. 1.23 g, c. 2.46 g, 

b. 4-1 g, d. 3.01 1 g? 
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4. What per cent, of arsenic do three substances con- 
tain of which every 5.214 g give a precipitate, after 
solution and precipitation with hydrogen sulphide 
of— 

a. 0.321 1 g, b. 0.004s g. c. 0.05 SS g,^ 

arsenic sulphide ? 



XXVII.— PLATINUM. 

1. From a substance containing ammonia, a precipitate 

was obtained by platinum chloride and the platinic 
sal-ammoniac obtained was heated ; 2.2 g of the 
substance were taken ; the residual platinum weighed 
3.29 g. How much ammonium oxide may be calcu- 
lated from this ? 

2. If precipitates were obtained from two liquids with 

platinic chloride, which yielded by heating — 
a. 0.47 g, b. 7.1022 g, 

of platinum, how much sal-ammoniac was contained 
in the liquids ? 

3. If you have 4 g of platinum ore containing 90 per 

cent, platinum, how much a. ammonium oxide, 
b. potassium, can be precipitated by the platinic 
chloride that can be made from this ? 

4. By an organic analysis the nitrogen of the substance 

amounting to 2.1234 g may be converted into am- 
monia, this united with muriatic acid and then 
precipitated with platinic chloride. The platinum 
obtained by heating the precipitate weighs 2.0412 g. 
What per cent, of nitrogen does the organic sub- 
stance contain ? 



PART SECOND. 



XXVIII,— APPROXIMATE RATIOS. 

The correct approximate proportions of necessary ma- 
terials are to be computed in the following ex- 
amples : — 

1. Preparation of hydrogen from zinc and sulphuric 

acid. 

Solution ; Original relation 65 : 98. Since this ratio did not admit 
of simplification, i was added to the first term and it 
stood 66 : 98 or 33 : 49. Each term was now diminished 
by I, so that it would stand 32 : 48 or 2 : 3. 
Proof: 65 : 97.5. 

2. Preparation of chlorine from manganese di-oxide 

and HCl. 

3. Preparation of oxygen by means of black oxide of 

manganese and sulphuric acid. 

4. Preparation of chlorine from manganese di-oxide arid 

muriatic acid containing 41.858 per cent. 

5. Preparation of caustic potash. Relation of burnt 

lime to potassium carbonate. 

6. Preparation of soda from crystallized sodium sul- 

phate, etc. 

7. Preparation of ammonia from sal-ammoniac and un- 

slaked lime. 

8. Preparation of barium carbonate from barium sul- 

phate and potassium carbonate. 

9. Preparation of nitric acid from powdered saltpeter, 

and a sulphuric acid containing 13.531 per cent, 
excess of water. 
10. Preparation of potassium chlorate by means of potas- 
sic hydrate, black oxide of manganese, and HCl. 
63 
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XXIX.-TEMPERATURE AND ATMOSPHERIC 
PRESSURE. 

1. How many cu m of oxygen may be obtained from 

I Kg of potassium chlorate, if the gas be measured 
at a temperature of i8° C. ? 

2. What volume in cu cm would the explosive gas 

evolved from i cu cm of HjO occupy when ignited, 
if it be free to expand, and it be granted that the 
coefficient of expansion be constant, and the tem- 
perature of the ignited gas amount to 12,000° C. ? 

3. If water absorbs 600 times its volume of ammonia 

gas, what is then the volume of the gas at 120° C, 
which has been taken up by ten pounds of water ? 

4. How much is the volume of carbonic acid, at 15° 
and 750 mm pressure, which can be evolved from 
4 Kg 480 g calcium carbonate ? 

5. What is the relation between the volume of air that 

must be mixed with the sulphurous acid arising 
from 10 g of sulphur, in order to yield the oxygen 
necessary for the formation of sulphuric acid and 
that of the sulphurous acid itself? The gases are 
to be compared at 748 mm, and 12° for the air, and 
120° for the sulphurous acid. (Oxygen = 0.21 of 
air.) 

6. By an organic analysis 1.0152 g of a substance gave 

40.72 cu cm of nitrogen, measured at 12° and 730 
mm pressure. What per cent, of nitrogen does the 
substance contain? 

7. What amount of calcium carbonate would be re- 

quired for 73.24 cu m of carbonic acid, measured at 
730 mm pressure and 100° C. ? 

8. When water at 0° and 760 mm pressure absorbs 33 
times its volume of sulphurous acid, the volume of 
this gas is to be calculated, which 5 Kg of water 
can.take up, if the gas in the apparatus has a medium 
temperature of 82.8° C, and the liquid columns of 
the apparatus, with a barometric height of 758 mm, 
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exert a pressure equal to that of 5 mm of mercury. 
No account is taken of the expansion of the water 
which takes place at 10°. 



XXX.— MIXED PROBLEMS. 

1 . How long will a Dobereiner lamp continue in opera- 
tion before (i) the sulphuric acid, (2) the zinc must 
be renewed, if the same be supplied with 135.926 g 
of sulphuric acid, and 90.155 g of zinc; and if 86 
cu cm of hydrogen be consumed daily ? 

2. What is the answer for the above if 200.9 g of sul- 

phuric acid be taken and 139.776 g of zinc, and if 
100 cu cm of hydrogen be consumed daily? 

3. How much zinc, sulphuric acid, and potassium chlo- 

rate are required for two hours' exhibition of the 
Drummond light, if there is an average consumption 
per minute of 324 cu cm of oxy-hydrogen gas? 

4. It is required to saturate 3300 lbs. of water with 

CO2. It is accomplished by a pump with a force of 
6 atmospheres. How much sulphuric acid with yd 
the molecular weight of water, in addition to its 
hydrate, and how much (pure) marble are neces- 
sary? 

5. It is required to obtain 509 Kg 856 g of water con- 

taining CO2, and the carbonic acid pressed in with 
10 atmospheres. How much water, calcium car- 
bonate, and sulphuric acid are needed ? 

6. In determining the CO2 in gases, making two esti- 

mations daily, 50 cu cm of gas are used in each 
determination. Of this volume, 20 per cent, at the 
highest were found to be COj; i. e., the amount 
absorbed by caustic potash, which, too, must be 
employed here in the least possible quantity. How 
much potassium hydrate would be consumed annu- 
ally? 
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7. Under like conditions, as those of Prob. 6, we are to 

calculate what must be the least length of a cylin- 
drical piece of fused potash employed. lOO cu cm of 
gas are tested each time, of which, on an average y^ 
is absorbed. Owing to the water contained in the 
potash y^ more than the necessary amount of it is 
taken. The diam. of the stick is 6 mm, spec. grav. 
2.1. 

8. It is desired to obtain 4 Kg 15.232 g of HjO satu- 

rated with HjS. The water takes up 2.5 times its 
volume of this gas. How many liters of HjO, how 
many grams of sulphuric acid, and how much sul- 
phide of iron are necessary ? 

9. How many liters of water. Kg sulphide of iron and 
sulphuric acid are necessary to yield 10 Kg of 
hydrogen sulphide water? 

10. What per cent, of foreign substance does a diamond 

contain, of which, 0.0145 g gave as much gas in 
burning as would, with lime water, give a precipitate 
amounting to 0.12 g? 

1 1. What quantity of calcium carbonate must you obtain 

by the absorption of the carbonic acid originating 
from the burning of 0.0063 g of diamond ? 

1 2. As the gas originating from the burning of a diamond 

of unknown weight is collected with the surplus 
oxygen over mercury, the volume of the obtained 
gas was diminished 5.52 cu cm by adding caustic 
potash. (Reckoned with normal temperature and 
normal pressure). What did the consumed part of 
the diamond weigh ? 

13. 100 g of pure potassium carbonate are obtained by 
the heating of potassium acetate. The latter should 
be obtained by means of neutral lead acetate. What 
must be done ? 

14. What per cent, of hydrochloric acid gas must 'a 

commercial muriatic acid contain, of which 6 g 
exactly suffice to dissolve i^ g of pure calcium 
carbonate ? 
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15. What per cent, of hydrochloric acid gas does com- 

mercial muriatic contain, of which, 1 5 g are needed 
to neutralize 10.245 g of ^ potassium solution which 
contains 48 per cent, of hydrate ? ' 

16. For the determination of chlorine by means of a 

tenth silver solution (yV AgNOs in grams dissolved 
1000 cu cm water) 300 cu cm of water were used 
and the final reaction reached, after the consump- 
tion of 0.55 cu cm. How much a. chlorine, b. sodium 
chloride does the water contain in looo parts ? 

17. 25 cu cm of water served for the determination of 

nitric acid by means of titrated indigo solution. 
This was standardized so that 6.5 cu cm were equal 
to 0.00 1 g of nitric acid. The blueing set in after 
2.2 cu cm of the indigo solution were added. How 
much nitric acid is contained in lOOO parts water? 

18. For the determination of the lime contained in a 
limestone, it can be dissolved in muriatic acid, the 
lime precipitated as oxalate, the precipitate dissolved 
in dilute sulphuric acid, and the oxalic acid in the 
solution determined by a standard solution of per- 
manganate of potash in water. The latter is so stand- 
ardized that I cu cm of the same corresponds to 
0.0063 g of oxalic acid {i. e., ^^ CjHeOe). By i g 
of limestone one liter was obtained; and for 100 
cu cm of this, 18.2 cu cm of the permanganate solu- 
tion were required. 

What per cent, of calcium carbonate did the 
limestone contain? 

19. 100 cu cm of an alkaline liquid of 1.102 spec. grav. 
should be mixed with normal nitric acid (xcVs HNO3) 
till the alkali reaction disappears and 5.3 cu cm are 
consumed for this. What will be the percentage, 
computed by this means, of — 

a. lime (calcium oxide), 

b. potassium (potassium oxide), 

c. ammonia (NH3) ? 
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20. 100 cu cm of a liquid, which contained free acid and 
possessed a spec. grav. of i . i were titrated with nor- 
mal soda {tuht! NaOH) and consumed 6.1 cu cm of 
this. 

What is the percentage, computed by this means, 
of— 

a. sulphuric anhydride, 
d. nitric anhydride, 
c. hydrochloric acid? 
21- 5-3 g of calcined soda were dissolved in water and 
supersaturated with 100 cu cm of normal sulphuric 
acid (xtVt H2SO4). After the expulsion of the car- 
bonic acid by boiling, it was colored with litmus 
and retitrated with barium hydrate. By this means 
45.6 cu cm of the latter were consumed, while a 
preceding experiment has shown that 10 cu cm of 
a normal sulphuric acid would exactly neutralize 
66.6 cu cm of the barium solution. What per cent, 
of sodium carbonate did the calcined soda contain ? 

22. By the analysis of a bone charcoal, 100 lbs. of the 

same were found to yield — 

10.2 lbs. of calcium carbonate, 

63.2 lbs. of " phosphate. 
What per cent, of the weight of this bone charcoal, 
in sulphuric acid of 60 per cent., is exactly neces- 
sary for the decomposition ? 

23. A stick of marble weighed 10 g; it was placed in 

vinegar which, with a spec. grav. 1.0334 occupied a 
volume of 15 cu cm. After the evolution of gas 
had ceased, the stick of marble still weighed 8.698 g. 
What per cent, of acetic acid (CjH^Oa) did the 
vinegar contain? (i molecule of calcium carbonate 
requires 2 molecules of acetic acid for saturation.) 

24. What weight is able to keep up a spherical air balloon 

in equilibrium, which has a diam. of 4 m, is filled 
with hydrogen, and the covering of it weighs 5.31 
Kg? Temperature 0° and normal pressure are 
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taken, and the spec. grav. of the air = 14 times 
that of hydrogen. 

25. In a known quantity of ashes are 62.7 g of potassium 

and sodium. Both oxides were converted into sul- 
phates, and of this 122.8223 S obtained.. What per 
cent, of potassium and sodium did that quantity of 
ashes contain ? 

26. In a quantity of silicate amounting to 5.2 g, 1.9 g of 

potassium and sodium are found. From this the 
sulphuric acid salts are produced, and of these, 
3.7182 g obtained. What per cent, of potassium 
and sodium does the silicate contain ? 

27. A substance weighs 10.4 g. The quantity of potas- 

sium and sodium contained in it amounts to 1.9 g. 
From this 3.7182 g sulphates were obtained. What 
per cent, of potassium and sodium carbonate may 
be obtained from these for that substance ? 

28. In what relation must the price of the pure caustic 

potash stand to that of the pure caustic soda, if, as 
regards the cost of the articles, it is immaterial 
which of the two should be used ? 

29. How must the price of potassium carbonate propor- 

tion itself to that of the crystallized sodium carbon- 
ate, if the advantage shall arise from the employment 
of the latter ? 

30. In a large laboratory, where the necessary caustic 

potash is made from the carbonate, there" is an 
average annual consumption of 60 lbs. pure carbon- 
ate. The question arises, what advantage will there 
be in the use of carbonate of sodium ? The price 
of the first is 50 cts. ; that of the latter (crystallized) 
15 cts. a kilo. 

31. How many cu dm of copper may be obtained by 

laying 154.579 cu dm of iron, spec. grav. 7.6, in a 
blue vitriol solution containing 20 per cent, of an- 
hydrous salts, if it be granted that the separated 
copper will be re-melted and have a spec. grav. of 
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8.7 ? How many pounds of the original solution 
were decomposed for this ? 

32. What does a pound of lunar caustic cost, if, in its 

production, a 25 ct. piece of silver and an acid of 
45 per cent, anhydride (price 25 cts. a kilo) are 
used? The additional expenses are regarded as 
covered by the obtained copper. (The weight and 
the quantity of the 25 ct. piece, see silver XXIII, 5.) 

33. How much silver in an alloy, of which 119.904 g, 
treated with nitric acid, give 157.4 g of lunar caustic? 

34. How much manganese di-oxide is necessary to yield 

I cwt. of potassium chlorate, if it be granted that 
35 per cent, of the chlorine is lost in the operation? 

35. How much carbonic acid may be obtained from 

no lbs. of limestone, which contains 31 per cent, 
gangue ? 

What quantity of sulphuric acid is required for 
this? 

36. What amount of — 

a. hydrochteric acid, 
d. muriatic acid 55 per cent, of H2O 
are necessary for this ? 

37. What amount of carbonic acid may be obtained from 

25 Kg of a limestone, which contains 30 per cent, 
of magnesium carbonate ? 

38. How much common salt with 3 per cent, of mag- 

nesia sulphate, is necessary to obtain no lbs. of 
muriatic acid containing 28 per cent, hydrochloric 
acid gas, and how much sulphuric acid containing 4 
per cent, surplus water is employed for this ? 

39. What per cent, of hydrochloric acid will a nitric acid 

contain which is made from potassium nitrate that 
contains 12 per cent, of sodium chloride? The 
calculation must be made with the hydrate HNO3. 

40. How much sulphuric acid is necessary, with 45 Kg 

of this saltpeter ? 
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41. How much H2O must be employed in the manu- 

facture of 100 lbs. of nitric acid, if the acid to be 
obtained shall contain 32 per cent, of HjO, and the 
sulphuric acid be mixed with so much H2O that it 
will contain 8 per cent. HjO in addition to the 
hydrate ? 

42. How much saltpeter with 7.5 per cent, common salt, 

and how much sulphuric acid with 8 per cent, foreign 
materials are necessary, not acting in the decomposi- 
tion, to yield looo lbs. of an aquafortis containing 
1 8 per cent, of the contents of anhydrate ? 

43. We have solid nitrogenous substances containing 

15 per cent, of nitrogen, and these are mixed with 
half their weight of liquid nitrogenous substances 
containing 2 per cent, of nitrogen. It is required to 
obtain saltpeter from this ; the question becomes, 
a. What is the least amount of lime (CaO) that must 
be mixed with 1000 Kg of the mixture, and how 
much potassium carbonate is needed to convert the 
obtained lime into potassium nitrate ? b. How much 
potassium nitrate will be obtained if it be granted 
that 22 per cent, of nitrogen is lost? 

44. How much zinc containing 5.712 per cent, of lead, 

and sulphuric acid containing 20 per cent. HjO 
(besides the hydrate) are necessary to yield 1 1 . 1 6 
cu dm hydrogen ? 

45. How would the requirements of the preceding ex- 
ample stand if muriatic acid containing 23 per cent, 
of hydrochloric acid should be employed ? 

46. A vitriol which may contain 2 parts green vitriol, 

3 parts blue vitriol, and besides this still 1 2 per cent, 
of the whole weight of foreign materials shall be 
employed for obtaining cementation copper. How 
much of this and how much iron containing 2 ^ per 
cent, of a carbonate are to be taken to yield 100 g 
of copper? 

47. 1000 Kg of very concentrated Nordhausen vitriol 
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are to be obtained, which may contain in the whole 
9 per cent, of HjO. How much English sulphuric 
acid with 6 per cent, of HjO besides the hydrate is 
necessary to take up the sulphuric acid, and how 
much sulphur residue (Fe7S8) must be roasted when 
the green vitriol is de-hydrated and converted into 
basic ferric sulphate ? 

48. Calculate the quantities of raw material, according to 

theory, necessary to yield looo Kg of ferro-cyanide 
of potash. A mixture of nitrogenous substances 
must be used which contains, on an average, 12.5 
per cent, of nitrogen, 0.75 per cent, iron, and 2^ 
per cent, potassium carbonate. The added potash 
has 8 per cent, of impurities. 

49. With how much manganese di-oxide, containing 22 

per cent, of foreign matter, is one able to evolve the 
most chlorine in order to obtain nitrogen by con- 
ducting it through 64 g of an ammonium solution, 
which may contain 1 8 per cent, of ammonium oxide, 
without forming nitrogen chloride ? 

50. Wanted, the quantities of sulphuric acid and carbon 

which exactly suffice to yield 10.64 cu dm of sul- 
phurous acid ; the sulphuric acid contains 3 per cent, 
salts, and of liquid parts still 4.124 per cent, of HjO 
(besides the hydrate) ; the carbon contains 7.5 per 
cent, of salts. 

51. A limestone contains 6.5 per cent, silicic acid. What 

portion is dead burnt by too high heat ? What per 
cent, of H2O is required for the slaking of this lime — 

a. if it be well burnt, 

i>. when it is dead burnt ? 
It is granted, that in the resulting silicate, the oxygen 
of the silicic acid bears the ratio to the base 3:1. 

52. What is the percentage composition of gunpowder 

if it be granted that the charcoal contains just 92 
per cent. C, the saltpetre o. 1 5 per cent, the sulphur 
1.05 per cent, of impurities? 
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53. What amount of lead oxide and calcium carbonate 

and sulphuric acid are necessary to obtain i lb. of 
white lead, if it is only desired to make sugar of 
lead, and we do not wish to dissolve the lead oxide 
more than once in it ; and if it be granted that the 
neutral salt was precipitated ? 

54. The copper is to be obtained from 2 lbs. copper 

sulphide and may be done : (i) by roasting, dissolv- 
ing, and precipitating with iron ; (2) by roasting, 
dissolving, and precipitating with potassium, heating 
and reducing the oxide with hydrogen. The ques- 
tion is now — 
(For i). a. How much copper may be obtained? 

b. How much iron is used ? 

c. How much crystallized green vitriol may 

be obtained ? 
(For 2). How much zinc is consumed to yield the 
necessary amount of hydrogen ? 

55. How much barium sulphide and sodium carbonate 
are necessary to produce the quantity of barium 
carbonate, which, decomposed by acetic acid, ex- 
actly suffices to convert 3.54 g of potassium sulphate 
into acetate, and how much potassium carbonate will 
be obtained if this be heated ? 

56. How much mercuric sulphide must be distilled with 

lime to obtain that quantity of mercury which, after 
its oxidation with nitric acid and conversion into 
oxide, is exactly sufficient to furnish 5.33 g of oxy- 
gen ? 

57. A soda manufactory is combined with a manufactory 

of English sulphuric acid, which shall exactly cover 
the consumption of the soda manufectory. In the 
latter 1000 cwt. of crystallized soda are produced 
monthly. What is the monthly consumption of 
iron pyrites for the sulphuric acid, if sulphur is 
first obtained from the same and this shall then 
be burnt ?. 
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58. How much chrome-iron must be employed in the 

operation to obtain exactly the necessary quantity 
of neutral potassium chromate which is necessary 
to furnish 20 Kg of lead chromate ? 

59. It is required to furnish lOO g of assay-lead from 

red-lead. This is treated with nitric acid, the ob- 
tained salts heated, the oxide dissolved in acetic 
acid and zinc suspended in the solution. How much 
red-lead must be employed in the operation ? The 
red-lead is taken as Pb405. 

60. Calomel is to be furnished from a quantity of mer- 

cury amounting to 40 g. The mercuric nitrate is 
precipitated with potassium, the oxide dissolved by 
sulphuric acid, and then proceed according to XXL, 
2. How much calomel can be obtained, and is the 
whole amount of mercury dissolved in nitric acid, 
or what portion of it ? 

61. It is desired to obtain 168.5 S ^^ chromic oxide, and 
for this di-potassium chromate is employed. The 
question is, how much of it is to be treated with 
sulphuric acid and alcohol ? 

62. How much cryolite is required to yield looo Kg of 

soda, if a loss of 5.51 per cent, is sustained? 

63. How much alum will be obtained as bye-product, if 
the same, not pure, be reckoned with 5.12 per cent, 
of foreign salt ? 

64. What amount of potassium carbonate must be pre- 

cipitated with tartaric acid in order to yield the 
tartar for the furnishing of 100 g of tartar emetic? 

65. How much pure heavy spar must be heated with 

carbon in order to obtain as much barium sulphide, 
as, decomposed with HCl, and then precipitated 
with alkali carbonate, gives just as much barium 
carbonate as is necessary to yield 20 g of anhydrous 
barium acetate ? 

66. For the yielding of potassium iodide, heavy spar is 
converted into barium sulphide, the sulphur in this 
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is precipitated with iodine, and the obtained barium 
iodide with potassium sulphate. What is the eon- 
sumption of heavy spar and potassium sulphate, if 
25 g of potassium iodide are obtained ? How much 
potassium iodide can be obtained as bye-product by 
means of the precipitated barium sulphide in a 
subsequent similar operation ? 

67. In order to produce chrome-alum, sulphurous acid 

can be conducted into acid potassium chromate 
saturated with sulphuric acid. What is the neces- 
sary proportion ? (Or, what is the corresponding 
formula ?) 

68. For the yielding of ammonium sesqui-carbonate, a 

liquid containing lo per cent, of ammonia (NH3) 
will be saturated with muriatic acid, the obtained 
sal-ammoniac is distilled with calcium carbonate. 
The question becomes : (i) How much muriatic 
acid, containing 24 per cent, of acid contents, is 
needed to yield lOO lbs. of ammonium sesqui-car- 
bonate ? (2) What is the formula of the latter pro- 
cess from which the necessary quantity of lime can 
be calculated ? It is known that ammonia will be 
liberated by the distillation. 

69. In the preparation of potassium ferri-cyanide, a man- 

ganese di-oxide was employed, for the evolution of 
chlorine, very nearly free from iron. It is desired 
to precipitate the manganous chloride with potas- 
sium carbonate, and with the resulting manganous 
hydrate to precipitate the ferrous oxide from a solu- 
tion of manganous chloride containing iron. 50 g of 
ferro-cyanide are converted into ferri-cyanide ; how 
much ferrous oxide can be precipitated with the 
manganous hydrate obtained in this way ? 

70. When iodine is mixed with potassium hydrate, potas- 

sium iodate and iodide result. If this mixture be 
ignited, only potassium iodide is formed. The 
question then is : (i) What are the formulae for 
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both processes ? (2) How much, iodide of potassium 
may be obtained frojn 100 g of iodine? (3) What 
bye-products arise and how much ? 

71. An alum shale contains 6 per cent, of iron pyrites. 

It is found after the trial is made, that to 10 per 
cent, the whole amount of sulphuric acid arising 
from roasting combines with alumina and the potas- 
sium present, while that 10 per cent, forms basic 
ferric sulphate. The question is : How much potas- 
sium sulphate must be added to the lye of 1000 lbs. 
of the shale, if it be known that the ashes of the 
same contain 1.5 per cent., of the whole weight of 
the crude shale, potassium carbonate, which will be 
converted into potassium sulphate by the sulphuric 
acid already formed ? 

72. What profit do 1000 cwt. of shale afford, by the fore- 

going relations in 71, if 20.06 per cent, is deducted 
for loss ? 

73. A mother liquor contains 5 per cent, of sodium 

iodide; what per cent, of iodine is obtained from 
this ? What per cent, of black oxide of manganese 
is necessary, if the same contains 98 per cent, of 
manganese peroxide, and how much muriatic acid 
containing 15 per cent, of the acid contents is 
needed ? All the answers should be in per cent, of 
the mother liquor. 

74. A chrome-ore contains 45 per cent, of chromic iron. 

What per cent, of the same may be obtained in 
impure mpno-potassium chromate, if this be mixed 
with 12 per cent, of potassium sulphate? 

75. A sample of mercury contains 3 per cent, of tin and 

5 per cent, of lead. 10 Kg of mercurous nitrate are 
to be obtained. What quantity of mercury and how 
much 30 per cent, nitric acid are to be used, and by 
how much sulphuric acid can the dissolved lead 
oxide be precipitated ? 

76. A laundry requires ' daily 10 Kg of potash with a 
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content of 5 per cent, water and 12 per cent, salts, 
at ^^7.50 for 50 Kg. Instead of the same, partially 
disintegrated soda with 2 per cent, foreign salts, at 
?375 ^r 50 Kg, is employed. What will be the 
difference in cost for ten days ? 
J'j. How much sulphuric acid, with 87 per cent, water 
in addition to the hydrate, is necessary in order to 
expel all the carbonic acid and muriatic acid from 
12 g of potash, which is combined in the following 
manner : — 

15 Mol. KjO.CO^ + 4 Mol. K20,S03 + 6 KCl + 
9.09 per cent. HjO ? 

78. What is the percentage composition of a quantity of 

potassium chloride and sodium chloride, which in- 
creases in weight by heating with sulphuric acid to 
the amount of 19.2 per cent ? 

79. What amount of potassium di-chromate, how -much 

alcohol containing 85 per cent, by weight, and how 
much sulphuric acid with S per cent, of surplus 
HjO are necessary to yield 5 lbs. of chrortiium 
jKJtassium alum ? 

80. How much potassium permanganate is contained in a 

liter of a solution of which 55 cu cm are needed to 
oxydize o.i g of oxalic acid? 

81. What is the atomic weight of a metal of which — 

/z. 56 g with 98 g of sulphuric acid, 

b. J z " 12.25 g 

c. S.O g " 3.2581 g HCl. 
form a neutral salt after oxydation ? 

82. What is the atomic weight of a metal of which — 

a. 108 g dissolve if it be precipitated with 63.4 g 

of copper, 
6. 54 g dissolve if it be precipitated with 31.7 g 

of copper, 
f . 5 g dissolve if it be precipitated with 2.9352 g 

of copper ? 
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83. The analysis of a substance which is known to be a 

chemical compound gave — 

lime 30-434 

magnesia 21.740 

carbonic acid 47.826 

100.000 

What is the formula of the substance ? 

84. The atomic weight of fluorine is to be found, when 

it is known that 100 parts of calcium fluoride treated 
with sulphuric acid gave 174.4 parts sulphate of lime, 
and that the calcium fluoride is analogously con- 
stituted to the calcium fluoride. 

85. A compound consists of ferric and ferrous oxide. 

5.256 g of it become converted into oxide by dis- 
solving in nitric acid and then precipitating with 
ammonia; 5.478 g of ferric oxide are obtained. 
What is the percentage composition of the ore ? 

86. A ferrous-ferric oxide is reduced by hydrogen. The 

following is known : — 

the quantity of water 1.599 S> ^^^ 

that of the substance 5.256 g; 

Or:— 
the quantity of the water and obtained iron 3.8346 g ; 

Or:— 
the quantity of the substance and the obtained iron. 
The composition of the substance is required. 

87. What is the approximate formula of the investigated 

compounds in numbers 85 and 86 ? 

88. What is the formula of a material of which the 

percentage composition is as follows : — 

alumina 15-57 

sulphuric acid 35-82 

water 48.61 

100.00 ? 



CHEMICAL PROBLEMS. 79 

89. What is the formula for the mineral : — 

silicic acid 64.70 

alumina 18.50 

potassium 1 6.80 

100.00? 

90. In order to determine the carbon in a sample of iron, 
7.584 g were treated in a flask with HCl, and the 
resulting mixture of hydrogen and hydrocarbon 
conducted through a heated tube containing cupric 
oxide. After collecting the water that was formed 
in a calcium chloride tube, the carbon di-oxide was 
absorbed in a vessel containing potassium hydrate. 
Before the determination the vessel weighed 46.53 1 g, 
afterwards, 46.7069 g. The substance remaining • 
in the generating flask was thrown upon a filter, and 
the residual carbon repeatedly washed with HCl. 
The dried filter weighed alone 0.5622 g, and with 
the carbon 05 841 g. What per cent of carbon 
does the iron contain ? 

91. The following numbers are obtained fi-om the exami- 

nation of a combustible substance: 10 g weighed 
after drying 5.844 g; 1.505 g gave 0.1484 g of 
ashes. According to this what is the composition 
of the substance ? What is the composition of the 
dry substance ? 

92. By a sugar examination 100 g furnish 95. g of sugar ; 
furthermore a cup with sugar weighed 26.12 g, the 
cup alone 21.12 g; the cup with sugar after drying 
26.01 g; further 2.1 13 g of sugar furnished 0.028 g 
of ashes. What is the composition of the sugar ? 

93. By the examination of a potassium salt 5.23 g were 
dried and its weight reduced to 5-io g. Further- 
more 10 g were dissolved to 1000 cu cm, cind from 
100 cu cm of this solution, after precipitation with 
barium chloride (to convert the alkali sulphate into 
chlorate) the potassium was precipitated by pla- 
tinic chloride; 1.3 11 g of potassic platinic chloride 
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were obtained. The precipitate formed with barium 
chloride in the loo cu cm solution weighed 0.917 g. 
Calculate the quantity of water contained in the salt, 
also the sulphates of sodium and potassium, assum- 
ing that only the alkalies are combined with sul- 
phuric acid ? 

94. By the examination of a water the following numbers 
were obtained : — 

1000 cu cm gave entire residue..... 0.693 g, 

1000 cu cm gave residue after ignition... 0.597 g> 

silicic acid found O.OOI2 g, 

ferric oxide and alumina 0.0021 g. 

The lime was precipitated by oxalic acid from 
1000 cu cm, then dissolved to lOOO and 250 cu cm 
of this were titrated with a solution of (KMn04), of 
which 1 .0 cu cm corresponded to 0.00286 g of lime. 
26.9 cu cm were required. 

By precipitating the magnesia from looo cu cm, 
0.01293 g of pyro-phosphate of magnesia were ob- 
tained. 

1000 cu cm gave a precipitate, with barium chlo- 
ride, of 0.1536 g, and in the solution filtered off, 
0.0107 g of chlorides were found. 

1000 cu cm of the water required in the chlorine 
determination 1.833 ^^ ^^ j4 silver solution of which 
I cu cm is equal to 0.00355 S °f chlorine. How 
much of the various substances does the water con- 
tain in 100,000 parts? 

95. Calculate the mineral constituents of the H2O ac- 
cording to the results which were obtained in 
No. 94. 

The chlorine is regarded as sodium chloride. If 
any chlorides still remain, these are considered as 
combined with sulphuric acid. 

The sulphuric acid is to be considered combined 
with lime, the rest of the lime and magnesia are 
combined with carbonic acid. 
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96. The examination of a limestone afforded the following 

nupibers for the dried substance : — 

5. g left behind undissolved 0.1775 S- 1°° ^^ '^"i 
of the nitrate solution of 5 g diluted to 500 cu cm 
gave a precipitate with ammonia of 0.0075 g. 

1.45 g of limestone furnished in the carbonic acid 
apparatus 0.597 S °^ carbonic acid. 

200 cu cm of the above solution yielded, after 
separation of the lime, 0.0299 S of magnesia phos- 
phate. 200 cu cm of the same solution gave with 
barium chloride a precipitate of 0.0322 g. 

0.06 g of potassium chloride were obtained from 
100 g of limestone. 

According to this what is the composition of 
limestone ? 

97. Calculate the anal3^ical factors for the following pro- 
portions, /'. e., the numbers with which the quantities 
found must be multiplied in order to obtain the 
corresponding quantities of the substance sought. 

FOUND. SOUGHT. 

a. joxide of antimony, antimony, 

6. sulphide of arsenic, arsenic acid, 

e. barium sulphate, barium, 

d. barium sulphate, sulphuric acid, 

e. barium carbonate, barium, 
y. lead oxide, lead, 
^. plumbic oxide sulphate, lead, 

A. sulphide of lead,' lead oxide, 

i. calcium carbonate, calcium. 

98. Also the following : — 

FOUND. SOUGHT. 

a. ferric oxide, iron, 

i. ferric oxide, ferrous oxide, 

c. calcium carbonate, carbonic acid, 

d. cupric oxide, copper, 

e. pyro-phosphate of magnesia, magnesia, 

y. pyro-phosphate of magnesia, phosphoric acid, 

gr. barium sulphate, sulphur, 

A. water, hydrogen, 

i. zinc oxide, zinc, 

A. tin oxide, tin. 
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99. How many cu cm of oxygen, reckoned with normal 
pressure and 20° C. are necessary to furnish the 
carbonic acid which will exactly answer for the pro- 
duction of 1000 Kg of a white lead containing 5 per 
cent, excess of water, and 25 per cent, of heavy spar ; 
but in other respects corresponds to the formula 3 
PbO, HjO, 2 CO2? 

100. What increase in volume does water sustain, if 
500 times its volume of muriatic acid gas be dis- 
solved in it, when the spec. grav. is increased to 
1. 2 1 (at 0°) by this operation ? 

loi. How much black oxide of manganese, with 15 per 
cent, of foreign materials, is necessary to furnish 
the chlorine which converts i lb. of arsenious acid 
(anhydride) into arsenic acid (anhydride), if only 
12^ per cent, of the chlorine entered into the 
operation ? 

What is the volume of the chlorine (under the 
normal relations) ? 
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PART FIRST. 



OXYGEN. 
i6g. 

a. 8 g. *. 4 g. c. 0.4 Kg. d. 0.08 Kg. e. 0.08 g. 
1.48 g. 

7407 g- 

a. 5 g. *. 50 g. ^. 2S g. 

u. 96 g. b. 48 g. c. 144 g. d. 0.96. c. 96 g. 

(1) 200 g. 

(2) a. 100 g. b. 50 g. c. S Kg. rf. I Kg. ^. I g. 

(3) 18.52 g. 

(4) 925-93 g- 

(5) a- 62^ g. *. 625 g. c. 312.S g. 

8. a. 149 g. *. 74.5. c. 223.5 g- ''^ 1-49 g- '• 149 g- 

9- 3-918 g. 

10. 39-l8 per cent. 

11. a. 391.8 g. ^. I ^g 77 g. (1-77 Kg). 

12. a. I g. *. 32 g. t. 0.3912 g. 

13. (10) 60.82 per cent. 

(11) a. 608.2 gf b. 1.67 Kg. 

(12) a. 1.5521 g. b. 49.7 g. c. 0.608 g. 

14. a. 32 g. b. 3.2 Kg. c. 320 g. d. 8 Kg. c. 80 g. 

15. a- 73.56 lbs. b. 0.368 B)S. 

16. 16 g. 

83 
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17. «. 18.4 Kg. *. 0.184 lbs. 

18. a. 9.2 Kg. b. 1.84 Kg. t. 5.33 g. 

ig. b. 16 g. c. 0.16 g. d. 3.2 Kg. ^. 4 g. /. 64 Kg. 

20. (16) 10.67 g- 

(17) a. 12.26 Kg. b. 0.1226 lbs. 

(18) a. 6.1 Kg. *. 1.226 Kg. 6. 3.55 g. 

21. a. 50 per cent. b. 33^ per cent. 6. i6j^ per cent. 

22. X >^ or >^. 

23. 98 g. 

24. 16 g. 151 g. 

25. a. 49 Kg. b. 7 g. t. 56.32 Kg. d. 11.26 lbs. 

26. u.. 75-5 Kg. b. I0.8 g. t. 86.78 Kg. d. 17.35 lbs. 

27. u. 216 g. b. 432 g. 6. 324 g. d. 108 g. r. 54 g. 

28. a. 13500 g. *. 27 g. c. 67.5 g. d. 135 g. .r. 19.3536 g. 

29. X I3-S- 

30. a. 24s g. *. 122.5 g- '■ 367-5 Kg. (/. 2.45 g- '■ 0-245 Kg. 

31. a. 2.55 g. *. 2552 g. c. 10 g. d. I g. ir. 3.659 g. 

32. 130.5 Kg. 

33. a. 32.6 g. i. 1.305 g. t. 26.1 Kg. 

34. a. 87 Kg. b. 100 Kg. c. I g. d. 50 Kg. e. 10 Kg. /. 29 g. 

35. a. 87 g. b. 43.5 g. ^. 21.75 Kg. d. 2.175 ^s. 

36. a. 50.025 Kg. ^. 10 Kg. c. 29 g. d. 100 g. ?. I g. / 543-75 g- 
37- (35) a- 98 g- b- 49 g- '• 24-5 Kg. d. 0.245 lbs. 

(36) u.. 56.3 Kg. b. 11.27 Kg. <:. 32.64 g. rf. Ii2.7g. ^. I.i27g. 
/ 612.S g. 
38. a. 87 g, and 98 g. b. 108.75 J^^-i ^"^ 122.5 "^^^ '• 543-75 

g, and 612.5 g- <^- 5-437 Kg, and 6.125 Kg. e. 7.795 g, 
and 8.78 g. 

39- 19-3536 g. 

40. 29.0304 Kg. 

41. a. 13.665 cu m. b. 2.733 cu m. '^- o.ooi cu m. 

42. 7-795 g. and 8.78 g. 
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HYDROGEN. 






1, 


a. 2 Kg. b. xd Kg. 








H. 


0. 




2. 


a. I Kg, 
*• 4g. 
<:■ 3g. 
</. I Kg, 
'■ 9 Kg, 
/ 0.02 g, 

^- 2g, 

-i. I Kg, 


8 Kg. 
32 g. 
24 g. 
8 Kg. 
72 Kg. 
0.16 g. 
16 g. 
8 Kg. 




3- 


H. _ 
a. /g Kg (III. HI g), 
*■ S-SS g. 

C. HI><g, 
rf. 27.78 g. 


0. 
^Kg. 

44-44 g. 
888?^ g. 
222.22 g. 




4- 


a. 2 g. i. 3^ g. f. II. Ill g. 
/. III. II g. 


rf. I.I g. 


'• 33-33 g- 


S- 
6. 


a. 16 g. i. 26% g. t. 88.89 g. 
/ 888.89 g. 


d. 8.9 g. 


c. 266.67 g. 


7- 


a. -9. *. X ^• 




8. 


2g. 






9. 


a. I Kg. 6. 2.04 g. 






lO. 


a. No. The one is conditioned by the other, i. 


35-5 g Z in 




excess. 






II. 


142.8 g (/, Kg). 






12. 


0.26 g. 






13- 


a. S-Sg- *. 9.i8g. c. 6.66 Kg. </. 


0.8 Kg. 




14. 


a. I 1. i. 100 1. t. 1240 1. 






15. 


1860I. 






1 6. 


1.860 1. 






17- 


1500 cu cm CH4. 0.8064 HjO. 






18. 


98 Kg, H,SO^. 65.2 Kg, Zn. 






19- 


8i.7g,H,SOi. 54-3 g.Zn. 








H2SO4. 


Zn. 




20. 


a. 4.390 g, 

*■ 439.° g. 
«:. S.44 Kg, 


2.921 g. 
292.1 g. 

3.62 Kg. 
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21. a. 27 g. b. 0.81 Kg. c. 40.5 g. d. 90 g. e. 80.64 g. 

22. a. 24 g. b. 0.72 Kg. c. 36 g. </. 80 g. *. 71.68 g. 

H2SO4. Zti, 

23. a. 98 Kg, 65.2 Kg. 
b. 4900 g, 3260 g. 
(T. 4.3904 g, 2.921 g. 

<^- 4 Kg 390.4 g, 2 Kg 921 g. 

24. u. 0.8064 g. b. 0.08064 1. c. 80.64 Kg. 

25. a. 43904 g, and 2.921 g. 3. 0.439 Kg, and 0.292 Kg. t. 439 
Kg, and 292 Kg. 

CHLORINE. 

1. u. 71 Kg. b. 71 lbs. c. 0.71 g. 

2. a. 35.5 g. b. 3 Kg 550 g. c. 3.55 g. 

3. a. 71 g. b. 710 g. i-. 8i. 608 lbs. d. 16.322 g. 

4. o. 25.66 cu dm. b. 15.29 cu dm. 
u.. 146 lbs. *. 73 g. (.. 167.82 g. d. I Kg 678.16 g. 

a. 87 g. ^. 0.870 Kg. t. 297.94 g. (/. 5.959 lbs. c. 10 g. 
/ 'Kg. 

MnOa. HCl. 

7. a. 87 g, 146 g. 
i5. 43.5 lbs., 73 lbs. 
f. 8.7 g, 14.6 g. 

d. 50 Kg, 83.91 Kg. 

e. 100 g, 167.82 g. 
/ 59-59 g. 100 g- 

MnOz. HCl. 

8. a. 500 g, 839.1 g. 

b. 595.9 g, 1000 g. 

c. 3.897 Kg, 6.54 Kg. 

H2SO4. NaCl. MnOz. 

9. a. 196 g, 117 g, 87 g. 

b. 19.6 lbs., 1 1.7 lbs., 8.7 lbs. 
'■ 276.0 g, 164.8 g, 122.5 g- 

H2SO4. NaCl. MnOz. 

10. a. 878.1 g, 524-15 g. 389-777 g- 
*. 8.781 Kg, 5-241 Kg, 3 898 Kg. 

11. 63.616 g. 

12. I : 1.0063616. 
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13. 198.72 cu cm. 

14. a. 73 fts. b. 36.5 Kg. c. 7.3 g. d. 62.4 lbs. e. 623.93 g- 
/ 0.624 g- 

IS- "■ 73 H>s- *• 36.S g- <^- 3-65 g- li- °-74S g- '■ 186.22 g. 

/ 7449 Kg. 

16. '(14) a. 142 lbs. b. 71 Kg. c. 14.2 g. d. 121.36 lbs. e. 1213.6 g. 

/ 1.2136 g. 

(is) a. 142 lbs. b. 71 g. c. 7.1 g. d. 1.44898 g. e. 362.24 g. 
/. 144.898 Kg. 

17. a. ii7.g. *. 58.5 lbs. t. o.836g. i^. 131.326 lbs. c. 1193.877 g. 
/■ 29-847 g- 

H2SO4. NaCl. 

1 8. a. 98 lbs., 117 lbs. 
b- 49 g. SS-S g- 

c. I Kg 342.4 g, I Kg 602.7 g- 

d. 134-24 g. 160.27 g. 

19. 1.6352 g. 

20. 2 Kg 19S-2 g, acid. 2 Kg 620 g, salt. 

HjSOi. NaCl. 

21. a. 93.97 lbs., Ii2.i9lbs. 
b. 1879.4 g, 2243.8 g. 
.. 281.91 Kg, 336.57 Kg. 

H2O. NasS04. 

a. 163^ lbs., 136.16 lbs. 

b. Z2(>ty^ g, 2723.3 g. 

c. 490 Kg, 408.48 Kg. 

22. 39-54 per cent. 
23- 7-S6 per cent. 
24. 176.45 cu cm. 

NITROGEN. 

1. 14.43. 

2. 1293 g. 

3. a. 0.001293. b. 773. 

4. a. 0.90446. b. 1.03079. 

5. 14.42 times. 

6. 76.7 N. 23.3 O. 

7. 1.2656 cu m. 295.3 g P- 
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NITRIC ACID. 

8. 126 g. 

9. a. 63 lbs. b. 12.6 g. «.. 741.2 g. d. 6.3126 g. e. I Kg 
260 g. / 6.3 g. 

10. 14.28 per cent. 

11. iil or 6Z, also : a. 54 lbs. b. 10.8 g. t. 635.3 g. ^- S-4lo8g. 
e. I Kg 80 g. / 5.4 g. 

12. a. 27 R>s. *. 5.4g. ^- 317-65 g- '^^ 2.7054 g. ^. 540g. 
/ 2.7 g. 

13. 2000 g. 740 g, H2O. 

14. a. 98 Kg. ^. 49 R)s. <:. 4-9g- </■ 11.529 g. «■. 576.47 g. 
/■ 6.92 g. 

NajNOa. H2SO4. 

IS- <»■ 170 g, 98 g- 

b. 85 lbs., 49 Bbs. 

c- 34 g> 19-6 g. 

d. 8.517 g, 4.9098 g. 

e. 134.92 g, 77.77 g. 

f. 148.41 lbs., 85.55 lbs. 

g. 1349.20 g, 777-77 g- 
h- 944-44 g, 544-44 g- 

Saltpeter. Acid. HjO. 

16. a. 425 lbs., 245 lbs., 135 lbs. 
b. 1700 g, 980 g, 540 g- 

17. a. 60 lbs. *. 30 g. 6. 0.139 lbs. '^- 0-394 g- *- 5^ g- 

18. a. 76 Bbs. b. 38 g. (T. 0.176 Rs. </. 0.5 g. tr. i^^a g. 

Oxide. Acid. 

19. a. 7.5 lbs., 9-S R>s. 

b. 0.2083 Kg, 0.264 Kg. 

•.. 0.52 g, 0.66 g. 

20. a. 108 g. ^. 27 g. £.. 1.895 g- 

21. N = 82.353. H = 17.647. 

22. NH3, 31.8. HCl, 68.2. 

23. 0.7616 g. 

24. 0.5893. 0.0007616. 

25. 1904. g. In ratio 1 : 1.38. 

26. a. 17 g. b. 170 lbs. c. 158.878 g. d. 317.757 g. 
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27- 34 g- 

28. a. 17 g. *. 4^ lbs. c. 0.60714 lbs. d. 607.14 g. 

29. «. 55.50 g. «. 13.875 lbs. c. 1.98 lbs. (^. 1982.14 g. 

30. a. 56 g. 4. 28 lbs. c. 0.523 lbs. ^. 523.36 g. 

31. a. 107 g. b. 13.375 H>s. ^. 1.9107 Kg. d. I lb. *. I Kg. 
/ nog. 

32. a. 107 lbs. *. 53.5 g. c. 110 g. d. I Kg. e. 3.147 lbs. 
/ 3147 g- 

33. a. 56 g. b. 28 B>s. t. 14 g. d. I g. c. looo lbs. f. 164.7 K's- 

34. a. 3147.06 g, and 1647.06 g. b. 31.5 ibs., and 16.5 lbs. 
35- 16.777 Kg. 8.781 Kg. 

SULPHUR. 

1. 192 lbs. 648 lbs. 

2. a. 228.57 gi a^nd 771428 g. *. 228.57 lbs., and 771.428 lbs. 
t.. 8 g, and 27 g. d. 1 14.28 g, and 385.714 g. 

3. a. 840g. 4. 420g. <:. 4.375 fts. </. 35 Kg. e. no lbs. 

4. 64 g. 

5. a. 2 g. b. 40 lbs. t. 100 Kg. d. 2 Kg. c. 10 g. 

6. 32. I liter weighs 2.8672 g, which contains 1.4336 g O. 

7. «. 0.6975 1- *• 6.97s 1- 

8. a. 64 g. b. 6.4 lbs. c. I Kg 600 g. d. 1009.46 g. 

9- «■ 1594 g. *- 15-94 fl»s. c. 3- Kg 985 g. d. 2514.2 g. 

10. a. 128 g. b. 64 lbs. 

11. a. 128 lbs. b. 65.3 lbs. t. 48 g. d. 320 g. 

12. a. 44 lbs. b. 22.45 lbs. ^- l6-5 g- <^- liog- 

13. a. 196 lbs. b. 98 g. 

14. a. 3.091 g. b. 15.45 g- '• 31 H>s. <^. 3°9i-48 g. 

15. a. 63.4 lbs. b. I g. i:. 5 g. </. 10.027 lbs. e. I Kg. 

16. a. 12 g. i. 6 H>s. (.. I H). </. nog, 

17. 42.26 g. 

18. a. 22 g. b. I Kg 100 g. t. 8.594 H>s. d. 6.875 g- 

19. rt. 98. b. 80. f. 16. 

20. a. 49 lbs. 4. 7.656 lbs. c. 7 Kg 656 g. d. 306.25 g. 
G 
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21. u. Half. b. The whole. 

22. (i) u. 196 lbs. b. 98 g. t. 30.625 Krs. d. 61.25 g. 
(2) u. 98 Ihs. *. 49 g. c. 15.3125 lbs. </. 30.625 g. 

23. a. 3 Kg 62.5 g, and 990.625 g. b. 306^ lbs., and 99 fts. 

24. a. I Kg 531.25 g, and 93.75 g. b. 153)^ lbs., and 9^ lbs. 

25. 43904 g» and 268. g. 

26. 878.1 g, and 284.032 g. 

27. a. 80 lbs. b. 40 g. <.. Ij4^ R). d. 1250 g. 

28. a. 16 ibs. b. 8 g. 1.. X *• "i^- 250 g. 

H2SO4. H2O. 

29. a. 98 R)s., 18 lbs. 

*• 49 g. 9 g- 

<:. 765.625 g, 140.625 g. 

d. 1531-25 g. 281.25 g. 

30. (l) a. Softs. *. 2^ fts. c. 20 g. d. 2.5 g. f. 250 fts. 

/ 2 Kg 500 g. 

(2) a. 98 lbs. b. 3^^g fts. ... 24.5 g. d. 3.0625 g. e. 306.25 lbs. 
/. 3 Kg 62.5 g. 

31. a. X 2%. b. X IX- 

32. a. 2 Kg 500 g. b. 3.0625 Kg. t. 3.4028 Kg. 

33. u. 64 g. b. 16 lbs. 6. 800 g. d. 4 fts. c. 9.068 g. 

34. «. 64 g, & 18 g. b. 4.5714 fts., & 1.2857 fts. c. 4 fts., & 
1. 125 lbs. d. 653.06 g, & 183.67 g. c. 9.6 Kg, & 2.7 Kg. 

35. a. 16 g. b. 1. 14287 lbs. c. I lb. d. 163.27 g. c. 2.4 Kg. 

36. 5 cu m, O. 35.84 Kg, anhydride. 43.904 Kg, hydrate. 
8.064 1, HjO. 

37. 47.936 Kg. 

a. b. 

38. 98 Kg, hydrate. 49 cwt., hydrate. 

107 Kg, HjO and acid. 53.5 cwt., H^O and acid. 

48 Kg, O. 24 cwt., O. 

208.7 Kg, air. 104.35 cwt., air. 

18 Kg, H2O. 9 cwt., HjO. 

27 Kg, H2O. 13.5 cwt., HjO- 

39. a. 3.0625 Kg. 1.0463 cu m, O. 5 cu m, air. 
b. 306.25 lbs. 52.316 cu m, O. 250.3 cu m, air. 
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40. 34-88 cu m, O. 132.01 cu m, N, separated. H^O = 28.12 Kg. 
Added O = 17.44 cu m. H,SO,. f ^fl^ f |; 

41. 3 = 326.5 Kg. = 489.7 Kg. 
Air = 2102 Kg. HjO = 275.5 Kg. 

42. 94-11765 S. 5-88235 H. 

43. u. 17. i. 1.5232 g. 

SO2. H2O. 

44. a. 64 g, 18 g. 

*• 32 g. 9 g- 

c. 640 g, 180 g. 

d. 3.765 lbs., 1.059 lbs. 

45. a. 2867.2 g, SOj, or 1 cu m. i. 0.8064 1. HjO. 

46. 2150.4 g. 

47. a. 34 g. i. I Kg 700 g. c. 8.5 g. d. 0.386 lbs. c. 139.5 g- 
/ 386.4 g. 

48. a. 98 g. ^. 4 Kg 900 g. t. 24.5 g. (/. 1.1136 lbs. ?. 402.13 g. 
/• 1 1 13-7 g- 

49. (i) o. 88 lbs. *. 361.1 g. c. 8.38886 lbs. (/. 3942.4 g. 
(2) a. 98 lbs. i. 4.02.08 g. c. 9.34214 lbs. d. 4390.4 g. 

50. a. 3.9424 g, and 4.3866 g. i. 985.6, and 1097.6 g. 



PHOSPHORUS. 

1. a. 62 g. i. 15.5 lbs. <.. 0.87324 lbs. d. 2.183 g. 

2. a. 30 lbs. 6. 0.42253 lbs. c. 4.2253 g. d. 422.53 g. 

P. CO2. 

3. a. 31 lbs., 70 lbs. 

6. 218.3 g. 492.96 g. 

<r. 4.366 g, 9.859 g. 

flT. 436.61 g, 985.91 g. 

4. 295.8 g, P. 265.6 cu dm, Q. 1.2656 cu m, Air. 

5. a. 34g- *• i7g- '•i-37g- <^- 2.74g. 

6. P. 91.181. H. 8.82! 

7. «. 18 1. ». 6 1. 

Lime. P. H2O. 

8. a. 84 g, 124 g, 27 g. 
i. 24.7 g, 36.47 g, 7.94 g. 
<^- 37632 g. 5-555 g. I.zi7g. 
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Lims. P. H^O- 

9. a. 3.7632 g, 5-555 g. '-^'y g- 

b. 940.8 g, 1388-8 g. 304-25 g- 



CARBON. 

CO. CO 2. 

1. 28 g, 44 g- 

CO. CO2. 

2. a. 2 Kg 333.33 g, 3 Kg 666.67 g- 
^- 583-33 g. 916.67 g. 

c. 233.33 lbs., 366.66 lbs. 

d. 0.28 g, 0.44 g. 

e. 3.500 Kg, S-500 Kg. 
/. 700 g, iioog. 

CO. , CO2. 

3. a. I Kg 333.33 g, 2 Kg 666.67 g- 
l>- 333-33 g. 666.67 lbs. 

c. 133.33 lbs., 266.33 Kg. 

d. 0.16 g, 0.32 g. 

e. 2 Kg, 4 Kg. 
/ 400 g. 800 g. 

4. Multiply by: a. 2^. *. 3%. f. I^. d. 2%. 

5. a. 1254.4 g. b. I97i.2g. 

6. 1860.1 cu m, O. 8857.1 cu m. Air. 

7. Half. 

8. u.. 1860.1. b. 1860.1. 

9. u. 44 g. b. 440 g. f. II lbs. d. 0.44 g. e. 440 Kg. / 100 Kg. 

10. a. 5.3 g. b. 5.3 g. 

11. 6.7454 g. 

12. u. 42.2 lbs. ^. 843,83 g. 
13- 38K1 lbs- 8ji'i lbs. lighter. 

14. 20.625 g> ^"'l 26.250 g. 

15. a. 28 g. i5. 28 g. 

16. a. 44 g. *. 18 g, and 54 g, H'jO. 

17. In both 280 g, or 223.2 cu dm. 

18. a. 98 g. b. 9.8 lbs. L. 2.94 g. d. 147 Kg. e. 107.8 lbs. 

19. a. 107 g. b. 10.7 lbs. «.. 3.21 g. d. 160.5 Kg. e. l\^.^ lbs. 

20. a. 292 g. b. 29.2 lbs. I. 8.76 g. d. 438 Kg. ^. 321.2 lbs. 
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21. a. 12 g. b. 9 lbs. c. 34.2857 g. d, 0.42857 lbs. e. 0.2143 g- 

/• 537-6 g. 

22- 53-76 g. 

23. a. 12 lbs. b. 6 g. c. 96 g. d. 537.6 g. e. I Kg 200 g. 
/- 33-3 g- 

24. a. 1000 Kg. 

25. a. 365 g, and 245 g. b. 486.67 Kg, and 326.67 Kg. 

26. 53-571 g, CaCO,. 130.333 g. HCl. 6.428 g, C. 

27. 4 Kg 480 g, and 4 Kg 793.6 g. 

28. 17 Kg 920 g, and 17 Kg 561.6 g. 

29. a. 64 g, nearly 12 g. b. 32 lbs., -nearly 6 lbs. c. 4.21 lbs., 
nearly 0.79 lbs. d. 16.842 g., nearly 3.158 g. 

30. 85.7 C. 14.3 H. 

31. 7S-oC. 25.0 H. 

32. 3 cu m. 

33. 2 cu dm. 

FLUORINE. 

1. 95 Fl. S H. 

2. a. 40 g. b. 20 lbs. t. 12.82 g. d. 512.8 g. 

3. a. ni>$lbs. b. 55.55 g. c. 13.889 g. d. 13.6 g. 

4. a. 39 lbs., and 49 lbs. b. 19.5 g, and 24.5 g. c. 1.95 g, and 
;^4S g. d. 58.5 g, and 73.5 g. e. i Kg 950 g, and 2 Kg 
450 g. / I lb., 475 g, and 2 lbs., 225 g. 

Fluorspar. H2SO4. HjO. 

S- «- 39 g. 49 g. 5 g- 

b. 54.6 g, 68.6 g, 7 g. 

c. 7-8 g, 9-8 g, I g. 

d. 1.56 g, 1.96 g, 0.2 g. 

e. I lb., 280 g, I lb., 480 g, 100 g. 

6. a. 136 g. b. 68 lbs. t. 3.4 g. d. 102 g. 

POTASSIUM. 

1. a. 112 lbs. b. 56 g. c. 8ll.6g. </. 162.32 lbs. 

Unslaked Lime. Slaked Lime. Carbonate of Lime. 

2. a. 56 lbs., 74 lbs., 100 lbs. 
h. 28 g, 37 g, 50 g- 

c. 405.8 g, 536.2 g, 724.7 g. 

d. 81.16 lbs., 107.2 lbs., 144.9 It's- 
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4- 
S- 
6. 

7- 



12. 

'3- 
14. 

IS- 

16. 

17- 
18. 
19. 
20. 
21. 
22. 



Burnt Lime. 
a. 56 lbs., 
*. Yz lb., 
<^- 12.5 g, 
d. 405.8 g, 



Carbonate. 
138 lbs. 
1.23 lbs. 

30.8 g. 

I Kg. 



u.. 188 g. ^. 376 lbs. c. 2.725 lbs. d. 2 Kg 724.6 g. e. 68.12 g. 
a. 6.48 g. b. 107.97 g- ■•• iO'8 lbs. i/. I Kg 79.7 g. c. 26.99 g- 



a. 1231.7 g. ^. 14 cwt., 78 lbs. c. 12 cwt., 31.7 lbs. 

a. 841.4 g. b. 10 cwt., 9.7 lbs. c. 8 cwt., 41.4 lbs. 

KjCOs. CaNOs. 

a. 138 lbs., 164 lbs. 



*. 68.31 lbs., 

c. 841.4 g, 

d. 10 cwt., 9.7 lbs., 
c. 683 cwt., 16 lbs., 



81.17 lbs. 

1000 g. 

12 cwt. 

81 1 cwt., 88 lbs. 



428.6 cwt., CaCOj. 

Nitrate. 
a. 109.77 lbs., 



865.7 cwt.. Saltpeter. 

Sulphate. 
106.52 lbs., 



l>- 33'66g, 32-64 g. 

533- g. Saltpeter. 517.2 g, H^SO^. 

100 KNO3 15.84 S. 17.82 C. 

11.85 s. 13-33 c. 

N. 
10.37 lbs., 



74.82 KNO3. 

K2S. 

a. 40.74 lbs., 

b. 2.037 g. 

N. 



0.518 g, 
COa 



a. 4.13 cu m -|- 12.40 cu m = 

b. 0.413 cu dm -j- 1.240 cu dm =: 

u.. 302.48 Kg. b. 151.24 g. 

28 N. 3.44 COj. 

a. 213 lbs. b. 21.3 g. c. 0.634 lbs. d. 126.8 g. 

a. 495 lbs. b. 49.5 g. c. 1.473 lbs- ^- ^94-6 g. 

a. 122.5 lbs. b. 12.25 g. '■ 0.364 g. d. 72.9 g. 

a. 75.25 parts, b. 3.04 parts. 



Water. 
4.240 lbs. 
1-3 g- 
667.5 g> Water. 



CO2. 
48.89 lbs. 
2-44 g- 
Gas. 
16.53 CU m. 
1.653 cu dm. 
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K. Mn02. HCl. 

23- a- 336 g. 261 g, 438 g. 

b. 2.743 lbs., 2.131 lbs., 3.575 lbs. 

c. 2742.8 g, 2130.6 g, 3575.5 g. 

d. 54.8 lbs., 42.6 lbs. 71.5 lbs. 

24. u. 552 g. b. 10.78 g. c. 8.62 Kg. d. 107.8 lbs. 

S. COu. 

25. a. 888 g, 176 g. 

i- 17-34 g. 3-44 g- 

c. .13.87 Kg, 2.75 Kg. 

d. 173.44 lbs, ' 34.37 lbs. 

26. a. 714 g. i. 13.94 g. <:. II. 15 Kg. d. 139.4 lbs. 

27. 80.4. 

28. a. 15 times, b. 3^. 

29. From 16 S, 17^ KjCOj. 

SODIUM. 

I. Na. 

2. 

3- 

Na. COj. H2O. 

4. a. 58.49, 41.51. 

b. 21.68, 15.38, 62.94. 

5. a. 318 lbs. <5. 159 lbs. t. 53 Kg. a?. 746.5 lbs. c. 746.48 Kg. 
/ 52.25 cwt. 

CaCOj. C. 

6. a. 400 lbs., 156 lbs. 
6. 200 lbs., 78 lbs. 

c. (,(,% Kg, 26 Kg. 

d. 938.97 lbs., 366.2 lbs. 

e. 938.967 Kg, 366.2 Kg. 
/ 65.73 cwt., 25.63 cwt. 

Na^SOt. CaCO,. C. 

7. a. 426 lbs., 400 lbs. 156 lbs. 

b. 1000 Kg, 938-97 Kg, 366.2 Kg. 

c. 1339.62 lbs. 1-257.8 lbs., 490.56 Iba. 

d. 669 Kg Sir g, 628 Kg 930 g, 245 Kg 238 g. 

Crystallized NajSOi. CaCOj. C. 

8. a. 966 lbs., 400 lbs., 156 lbs. 

b. i6l cwt., 66% cwt., 26 cwt. 

c. 1125.87 cwt., 466.2 cwt., 181. 2 cwt. 

d. 122.59 Kg, 46.62 Kg, i8.i8 Kg. 
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Salt. HCl. 

g. a. 351 lbs., 219 lbs. 

i. 823.94 Kg, 514.08 Kg. 

<r. H03.77 lbs., 688.7 lbs. 

d. SS1.89 Kg, 344-34 Kg. 

110.37 Kg salt; 92-45 Kg H2SO4; 125.78 Kg, CaCOj; 49.06 
Kg, C; 68.87 Kg, HQ; 85.54 Kg basic, CaS04; 123.87 Kg CO^. 



11. 

12. 265.7 cu cm. 

13. II. 16 cu dm. 

14. 3}i to I. 

15. 132.8 cu dm. 

16. 8 : 7. 

17. Na 16.23. B(OH), 36.64. HjO 47.12. 

18. Na 21.24. B(OH)j 47.94. HjO 30.82. 

19. a. 122.8 cwt., borax; 34.07 cwt., NajCOg. 
*. 81.86 Kg, borax; 22.71 Kg, Na^CO,. 

20. a. 144.56 g. *. 28.91 lbs. 

21. NaQ. a. 60.68 Q. ; 39.32 Na. *. 100 Na. ; 154.35 CI. 

c. 100 a. ; 64.79 Na. 

AMMONIUM. 

1. 2 : 4 : 2 or I : 2 : I. 200 : 34 : 2 or loo : 17 : I. 

2. a. 123.36 cwt. ; I09.34cwt. *. 98.69 g; 87.47 g. t. 12.34 lbs. ; 
10.93 lbs. </. 4.934 g; 4.37 g. 

3. 89.72 lbs. (NH4)2C03; 160.74 lbs. gypsum; 132.71 Na^SO^. 

4. 100 g, (NH^) jCOs ; 61.86 HCl. 

5. 1 10.3 and 341. 1 lbs. 

6. 2 per cent. 



3.5 per cent. 



BARIUM. 



BaS. Ba(OH)j BaNO,. EaCIj. 

a. 169 lbs.; 171 lbs., 261 lbs., 208 lbs. 

i. 84.5 g, 85.5 g, 130.5 g, 104 g. 

-^^ 72-53 g. 73-39 g. 112.02 g, 89.27 g. 

a?. 725.32 g, 733.9 lbs., Ii20.2g, 892.7 g. 
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C. COj. 

2- a. 48 lbs., 112 lbs. 
*■ 24 g, 56 g. 

c. 20.61 g, 48.07 g. 

d. 206 g, 480 g. 

Heavy Spar. C. 

3- a. Il6.5g, 24 g. 

*■ S3 g. 10.9 g. 

c. 280 g, 57.7 g. 

d. 112.02 lbs., 23.08 lbs. 

BaSO». KjCO,. 

4- a. 233 g, 138 lbs. 

b. 1 16.5 lbs., 69 lbs. 

c. 118.27 lbs., 70.05 lbs. 

d. I Kg 182.7 g, 700.5 g. 

5- lo g. 

6. 10.01 per cent. 

7- (5) 3-Sig,HCl. 
(6) 1.96s g,HCl. 

8. 5 per cent. 

9. 1.I2S (NHJ.O. 2.077 (NHJ.CO,. 

NaaCO,. BaOj. 

10. a. 29.0 g, 21. 1 g. 
*• 725-89 g, 527-9 g- 

c. I Kg 451.8 g, I Kg 55.8 g. 

11. u. 11.88 g, salt. b. 296.9 g, salt. c. 593.91 g, salt. 



CALCIUM. 

1. a. 56 lbs. b. 560 Kg. c. 0.56 lbs. d. 14 g. 

2. «. 74 lbs. b. 740 Kg. i-. 0.74 lbs. d. 18.5 g. * 

3. a. 100 lbs. *. 25 cwt. £-.250 Kg. (/. 178.57 lbs. ^. 1785.71 Kg. 
/ 892.85 lbs. 

4. a. Il.l6cum. b. 279 cu m. c. 55.8 cu m. d. 19.93 cum./ 
^. 398.6 cu m. f. 99.6 cu m. 

5. a. 18 lbs. *. 4;^ cwt. iT. 45 Kg. i/. 32.14 lbs. ^. 321.428 Kg. 
/ 160.7 lbs. 

6. a. II. 16 cum. ^. 19.94 cu m. c. 39.86 cu m. d. 558 cu m. 
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CaCl,. 










Na^COa. 


7- 


a. 44.4 g, 

b. I Kg no 

C. 1 1 1 g, 

d. 5.55 lbs.. 


Kg, 








42.4 g. 
I Kg 60 g. 
106 g. 
5-3 lbs. 


8. 


Lime. 

a. 32.56, 

b. 41.17, 




HjSO«. 

46.54, 
58.83. 






H,0. 
20.93. 


9. 


a. 18 lbs. b. 4.5 g. c 


. 264.7 


g- 


d. 


13-23 g- 


10. 


a. 234 g. b. 82. 


39 lbs, 


, c. I 


Kg 648 


g- 


II. 


CI. 










Limestone. 


12. 


a. 142 lbs , 

b. 71 g. 

'■ 13-97 g. 
d- 55-9 Kg, 










112 lbs. 
56 g. 
1 1 .02 g. 
44.1 Kg. 



13. a. 44.61 ]. *. 8.787 cu m. t. 17.57 cu m. 

HCl. MnOj. 

14- a- 292 lbs., 174 lbs. 

b. 146 g, 87 g. 

C. 28.73 g. 17-12 g- 

d. 114.9 Kg, 68.5 Kg. 

15. a. 858.93 lbs. b. 428.87 lbs. c. 2399.06 lbs. 

16. «. 24.66 Kg. b. 165,5 Kg. c. 84.97 Kg. 

17. ». 1.4 g. b. 2.775 g. ^- 3-4 g. 

18. a. 18.666 per cent. b. 37 per cent. c. 45.33 per cent. 

MAGNESIUM. 
I. 341-46 Kg. 



2. 



MgS. K,CO,. 

3- i^- 492 g, 276 g. 

b. 123 lbs., 69 lbs. 

c. 300 lbs., 168.3 lbs. 

d. 3000 Kg, 1682.9 Kg. 

4. a. 45 g. *. 11.25 lbs. <•■ 27.4 lbs. (/. 274.4 Kg. 

5. a. 41 lbs. i5. 8.2 g. t. 205 lbs. d. 2050 g. 

NH,. MgO. P.O.. HjO. 

6. a. 6.94, 16.33, 28.98, 47.75. 
b. 45.31 per cent. 
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7. a. 0.4 g. b. 1.33 g. 6. 0.9 g. 

(P.O..) (2 N,0,P,0..) 

8. a. 31.55s per cent., • 59.1 per cent. 

b. 52.59 per cent, 98.5 per cent. 

c. 10.518 per cent., 19.70 per cent. 

d. 2.104 per cent., 3.94 per cent. 

ALUMINUM. 

1. (i) a. 10.83 P^"^ <:-e.TA. b. 36.13 per cent. 

(2) a. 11.21 per cent. b. 37.39 per cent. 

(3) a. 11.34 per cent.' b. 37.80 per cent. 

2. (i) a. 45.53 per cent. b. 54.47 per cent. 

(2) a. 47.10 per cent. b. 52.90 per cent. 

(3) 47.64 per cent. 37.80 per cent. 11.34 per cent. 

Alum. KjCO,. CO,. 

3.-4. a. 948.8 g, 414 g, 132 g. 

b. 237.2 lbs., 103.5 lbs., 33 lbs. 

c. 92.29 lbs., 40.27 lbs., 12.84 lbs. 

d. 9.23 Kg, 403 Kg, 1.28 Kg. 

IRON. 

1. a. 72.41 per cent. b. 70.03 per cent. t. 59.89 per cent. 
d. 48.27 per cent. 

2. a. 304 g. b. 7.6 g. t. 1.9 lbs. d. 38 g. 

3. a. 56 g. i. 0.5989 g. c. 5.6 g. (/. 0.599 g- 

4. ». 0.718 g. *. 3-S9g- ^. 5-384 lbs- 1^. 28.72 g. 

5. (I) 3. 14.23; b. 18.30; t. 38.64; d. 29.49. 
(2) a. 4.74; b. 6.10; ^. 12.88; (/. 9.83. 

6. a. 139 cwt. b. 2316.67 lbs. t. 69.5 Kg. d. 231.67 Kg. 

7. a. 1946 lbs. b. 300.31 cwt. c. 3003.086 Kg. d. 180.185 lbs. 

Oxygen. "Water. 

8. a. Iii6.icum, 63 cwt. 

b. 186.0 cu m, 1050 lbs. 

c. II. 16 cu m, 31.5 Kg. 

d. 37.20 cu m, 105 Kg. 

O. H,0. 

9. a. 156.25 cu m, 882 lbs. 

I.. 482.25 cu m, 1361.1 Kg. 
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10. a. i6 cwt. b. 266.67 lbs. c. 8 Kg. d. 26.67 Kg. 

11. a. 278 lbs. b. 139 g. <■■ 1390 g. d. 695 lbs. 

12. %. 

13. u. 315 parts, b. 157.5 parts. 

KaSO^. FeSO.. 

14. a- 87 g, 200 g. 
b- 3-457 g. 7-952 g- 
c. 0.173 lbs., 0-397 lbs. 



15- 

16. 

Fe. KjCO,. 

17. a. 28 g, 138 g. 
i5. 13.27 lbs., 65.4 lbs. 
'• 132-7 Kg, 654 Kg, 

FeCy^. F=,C1,. 

18. a. 1 106 g, 650 g. 

b. 55.3 lbs., 32.5 lbs. 

c. 128.6 lbs., 75.58 lbs. 

d. 1286.05 Kg, 755.81 Kg. 

FeCy,. FeSO,. 

19. a. 162 g, 152 g. 

b. 40.5 lbs., 38 lbs. 

c. 87.85 g, 82.43 g- 

d. 486 lbs., 456 lbs. 

FeCy,. FejO,. 

20. a. 972 g, 160 g. 

*• 243 g. 40 g. 

c. 113.02 g, 18.60 g. 

d. 1130.23 lbs., 186.04 lbs. 

FeCyj. FeSO^. 

21. a. 553.2 lbs., 456 lbs. 

b. 128.65 lbs., 106.05 lbs. 

c. 1286.5 cwt., 1060.46 cwt. 

d. 643.25 Kg, 530.23 Kg. 

22. a. 11.16 cu dm. b. 0.529 cu dm, c. 66.11 cu dm. 

23. a. 329 g. b. 15.59 g. <:■ 19-49 Kg. 

24. a. 422 g. b. 13.21 lbs. t. 32.07 g. d. I Kg 283 g. 
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MANGANESE. 
«. 88 g. i. 4.4 g. c. 2.2 lbs. </. 10.115 g. 

2. a. 67.6 per cent. i. 75.6 per cent. c: 90.7 per cent. 
J. 37.8 per cent. 

3. o. 63.4 g. *. 2.11 g. c. 1.46 g. 

4. a. 68.61 per cent. 6. 34.30 per cent. c. 90.05 per cent. 
d. 54.03 per cent. 

CHROMIUM. 



I. 

2. 


a. 


200 g. *. 131 


.58 g. <-. 131 lbs. 


d. I Kg 315 g. 


3- 


a. 


294 g. 6. 193-42 g- '• 1-93 lbs. 


d. I Kg 934.2 g. 






Cr.-iron 




K,CO,. 


4. 




a. 224 g, 
i. 100 lbs., 

c. 76.2 lbs., 

d. 761.90 g. 




276 g. 
123.2 lbs. 
93.9 lbs. 
938-8 g. 






K.CrO,. 


H.SO.. 


H.O. 


S- 




"• 294 g. 

*. 29.46 lbs. 
f- 736 g. 


392 g, 
39.28 lbs., 
9-82 g. 


360 g. 
36.07 lbs. 
9.02 g. 


6. 


a. 


388 g. *. 76.58 g. c. 255.26 g. 


d. 2.55 lbs. 






K,CrO,. 


NH.Cl. 


K,CO,. 


7- 




a. 294 g, 

*• 96-71 g. 
f. 1.93 lbs., 

K,CiO,. 


214 g, 
70-39 g. 
1. 41 It^, 


138 g- 
45-39 g- 
0.91 lbs. 

Pb.CHeO.. 


8. 




«• J94g. 
i. 6.01 lbs., 

^- 30 g. 
d. 600.6 g. 




379 g- 
11.73 lbs. 

58.7 g. 

1 Kg 173.4 g. 


9- 


ti* 


8.84 per cent 


i. 20.51 per cent. 




;o. 


a. 


49 g- *• 24-S 


lbs. c. 2.52 g. d. 


6.31 g. 



ZINC. 

1. a. 67.01 per cent. i. 52 per cent. 

2. M. 4.514 cu cm. 6. 0.564 cu cm. c. I.ii4cacm. 

3. a. 32.5 g. *. 8.125 lbs. c. 4.0625 g. d. 8.024 g. 
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4. a. 143 g. b. 35.75 lbs. .. 17.875 g. d. 35.31 g. 

White Vitriol. CaCl. 

5. a. 161 g, III g. 
6. 11.84 g, 8.16 g. 

'• 591-91 g. 408.09 g. 

6. a. 45.1 cu cm. b. 22.57 cu cm. <.. 0.825 cu cm. d. 41.22 cu cm. 

7. a. 30.35 per cent. ^. 37.83 per cent. c. 63.52 per cent. 
d. 75.20 per cent. e. 58.39 per cent. 

COPPER. 

1. a. 187.4 g. b. 93.7 lbs. c. 236.02 g. d. 23.60 lbs. 

2. a. 241.4 g. ^. 120.7 lbs. c. 304.03 g. d. 30.40 lbs. 

3. Same as (2). 

CuSO,. NajCOa. 

4. a. 249.4 g, 286 g. 

b. 124.7 lbs., 143 lbs. 

c. 314.106 g, 360.20 g. 

d. 31.41 lbs., 36.02 lbs. 

5. a. 63 g. b. 31.7 g. c. 100 lbs. a?. 50 g. e. 10 lbs. 

6. a. 31.7 lbs. b. 100 g. <r. 79.83 g. d. 4 g. 

7. (l) a. 79.4 g. ^. 12.5237 g. c. 6.26 lbs. d. 62.618 g. 
(2) a. 142.8 g. b. 22.5237 g. t. 11.26 lbs. d. Il2.6l8g. 

8. a.. 5.58 cu dm. i. 7.815 cu dm. c. 5 cu dm. 

9. a. 5.58 cu dm. b. 7.815 cu dm. 

10. (l) a. 5.58 cu dm. b. 7.815 cu dm. 
(2) o. 31.7 g. ^. 44.4 g. 

11. u. 159.4 lbs. b. 100.38 lbs. ■.. 1003.78 Kg. d. 501.89 lbs. 

12. u. 318.8 lbs. b. 200.76 lbs. t. 2007.56 Kg. d. 1003.78 lbs. 

13. 23.56 per cent. 

14. a. 41.76 lbs. b. 4.176 Kg. c. 20.88 g. d. 0.04176 g. 

15. «. 183.11 lbs. ^. 18.311 Kg. .. 91.55 g. (^. 0.18311 g. 

16. a. 235.58 lbs. b. 11.78 Kg. ... 1177.9 Kg. li- 235.58 cwt. 

17. a. 88 78 per cent. b. 79.85 per cent. c. 34.57 per cent. 
d. 55.58 per cent. e. 57.43 per cent. / 55-26 per cent. 

18. u. 691.4 g. b. 1728.5 lbs. 

19. a. 14.36 cwt. b. .143.6 Kg. <,. 2871.5 lbs. d. 143. 6 cwt. 
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20. a. 71.61 per cent. b. 84.25 per cent. c. 80 per cent. 
d. 90 per cent. 

21. a. 11.234 per cent. i. 14.0428 per cent. 

22. a. 672 g. *. 6.72 g. c. 90.81 g. d. 268.8 g. 



MERCURY. 
Hg.Cl.. Hg. 

1. a. 271 g, 200 g. 
*. S4-2g, 40 g. 

c. I Kg 726.1 g, I Kg 273.9 g. 

d. 32.2 lbs., 23.8 lbs. 

HgSO.. Hg. NaCl. 

2. a. 296 g, 200 g, 117 g. 
i. 9.866 lbs., 6.666 lbs., 3.9 lbs. 

c. 3.14225 lbs., 2.1231 lbs., 1.2420 lbs. 

d. 6.285 g. 4.2462 g, 2.484 g. 

HgSO.. NaQ. 

3. «■ 148 g, 58.5 g- 
*. 59-2 g. 23-4 g- 
c. 109.225 g, 43-17 g- 

4. a. 100 g. b. 2.952 lbs. c. 7 Kg 380 g. d. 73.80 g. 

S- "-531?^ lbs. *. 24i6J^lbs. f. 4833.33 Kg. rf. 483>^cwt. 

6. a. 6.77 per cent. i. 15.24 per cent. c. 19.65 per cent. 

7. a. 12 g. *. 69.44 g. 

8. II : 14. 

LEAD. 

1. a. 331 g. *. 148.43 g. c. 7.421 lbs. 

2. a. 207 g. b. 92.82 g. c. 4.6412 lbs. 

3. (l) a. Ii.l6cudm. b. 5.0 cu dm. •.. 125.1 cu dm. 
(2,) a. 53.1 cu dm. b. 23.8 cu dm. t. S96.7 cu dm. 

4. a. 908 g. b. 1 5 1. 61 lbs. c. 50.52 g. d. 3.8 lbs. 

5. a. 16 g. *. 3.2 lbs. c. 2.33s g. d. 11.68 g. 

6. «. 621 lbs. *. 80.13 ll>s. c. 801.29 cwt. d. 8 Kg 12.9 g. 

7. a. 22.32 cu m. ^. 2.88 cu m. c. 2880.17 cum. d. 0.576 cum. 

8. u. 446 lbs. *. 1.1765 lbs. c. 29.4 g. d. 223 g. 
9- 



2, 
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11. %. 

12. u.. 772.3 Kg. b. 77.23 lbs. 

13. a. 2007 lbs. h. 1000 lbs. c. 100 Kg. d. 1294.8 Kg. 

14. a. 86.61 percent, b. 77.53 percent. ^. 68.31 percent. 

15. u.. 2.56 lbs. b. 2565 lbs. «:. 256.57 Kg. d. 10263 Kg. 

16. u. 66.6 per cent. b. 50 per cent. t. 70 per cent. 

SILVER. 

I. 63'53 psr cent. 

<z. 216 g. b. 0.6353 g- '• 3176 g. d. 63.53 g- 
23.66 g. 

CuCNO,),. Ag,0. 

211.53 g- 787-03 g- 

a. 12.70. b. 63.51. c. 10. 

6. a. 0.913 g. b. 2.6018 g. ... 1.4635 g. 

7. a. 13.87 per cent. b. 8.654 per cent. 
a. 12.85 g. ^. 4.98 g. 

9. 80 per cent. 

10. 1076.22 lbs. 

Au. Ag. CUSO4. Cu. 

11. "•3g- *. i35og' c. 2137.01 g. (/. 396.25 g. 
Au. Ag. CuSO.. Cu. 

a. 0.3 g, 135 g, 213.70 g, 39.625 g. 

b. 0.4 g, 180 g, 284.93 g, 52.83 g. 

c. .06 g, 27 g, 42.54 g, 7.925 g. 

13. a. 340 g. b. 53.62 g. c. 26.81 g. d. 13.40 g. 

14. u.. 28.7 g. b. 1.435 g- '•• °-2o5 g. d. 4.1 g. 

TIN. 

Sn. HCl. 

I. a. 118 lbs., 73 lbs. 

b- 39-33 Kg, 24.33 Kg. 

c. 2.622 g, 1.622 g. 

d. 52.44 g, 32-44 g- 

e. S2\'g lbs., 32V9 "'S. 
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2. u. 219 lbs. *. 73 Kg. e. 4.87 g. d. 97.33 g. c. 97 j4 lbs. 

3. <j. 44.64 cu dm. *. I.ii6cudm. c. 2.232 cu dm. rf. i.Sgicudm. 

MnOa. HCl. 

4. a. 174 g, 292 g. 

*■ 4-35 g. 7-3 g. 

c. 8.7 g, 14.6 g, 

<"^- 7-37 g. 12.37 g, 

5. u. 14124.2 lbs. *. 141242.2 cwt. t. 70621.4 Kg. 

6. a. 50 per cent. i. 25 per cent. 

7. 20.878 per cent. 

ANTIMONY. 

1. a. 23.62 per cent. i. 24.76 per cent. ^ 

2. a. 340 g. *. 42.5 g. c. 8.5 lbs. J. 0.8416 g. 

SbClj. Na,CO,. NaCl. CO,. 

3- «■ 457 g. 318 g, 3SI g, 132 g. 

4. 22.85 g, 15.9 g. i7-SSg. 6.60 g. 

c. 1.56 lbs., 1.09 lbs., 1.20 lbs., 0.45 lbs. 

SbS.Nas. HQ. 

4. a. 962 g, 1095 g. 

i. 24.05 lbs., 27.37s lbs. 

<r. 2.38 g, 2.71 g, 

d. 238.12 g, 271.04 g. 

5. a. 321 g. b. 8.025 lbs. c. 0.79 g. d. 79.45 g. 

6. 71.76 per cent. 



I 



ARSENIC. 

S. As. 

1. a. 64 g, 150 g. 
i. 32 lbs., 75 lbs. 

c. 29.91 lbs., 70.09 lbs. 

d. 299.06 g, 700-93 g- 

S. As. 

2. a. 96 g, 150 g. 
*. 48 lbs., 75 lbs. 

c. l6 g, 25 g. 

d. 390.24 g, 609.76 g. 

3. a. 0.99 g. *. 3.30g. f. i.98g. rf. 2.4235 g. 

4. a. 3.75 per cent. b. 0.052 per cent. c. 0.649 P^'' cent. 
H 
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PLATINUM. 

I. 39-27 per cent. 

s.. u. 0.2S4 g. b. 3.838 g. 

3. u. 0.945 g. b. 1.709 g. 

4- "3-S9 per cent. 



PART SECOND. 



APPROXIMATE RATIOS. 



I. 


2: 3. 


2 


7: 12. 


3 


9 1 lo. 


4 


I :4. 


S- 


9 : 22. 


6. 


12 : 5 : 2 


7 


13:7- 


8 


5:3- 


9 


3 : 2. 


lO 


4:3:5- 



TEMPERATURE AND ATMOSPHERIC PRESSURE. 

1. 0.29133 cu m. 

2. 83663 cu cm. 
3- 4319-4 1- 

4. 1068.4 1- 

5. 10.042 acid; 17.325 air. 

6. ^ 4.651 per cent. 

7. 230.6 Kg. 

8. 214.22 cu dm. 

MIXED PROBLEMS. 

1. 360 days. 

2. H2SO4 = 457 d; Zn = 480 days. 

3. Ii3.8g, HjSOi. 75.48 g,Zn. 47.42 g, K^COj. 

4. 44.5 Kg, marble. 47.61 Kg, H2SO4. 

107 
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Soo 1, HjO. 22 Kg, 400 g, CaCOj. 21 Kg, 952 g, H^SO^. 

36-5 g- 

2.1 mm. 

a. 4 1, HjO. b. 43.904 g, H2SO4. <r. 39.424 g, FeS. 

9.962 I, HjO. 0.0983 Kg, FeS. 0.1095 Kg, HjSO^. 

0.06896 per cent. 

0.0525 g. 

0.00297 g> C. 



18.25 per cent. 

21.368 per cent. 

a. 0.0065. b. 0.0107. 

0.0136. 

93.3 per cent. 

a. 0.1346 per cent. b. 0.226 per cent. c. 0817 per cent. 

a.' 0.2218 per cent. b. 0.2994 per cent. c. 0.2024 P^f cent. 

93.16 per cent. 

For carbonate 16.66. For phosphate 66.6l. 

10.08 per cent. 

35 Kg. 

47-3 g. K, and 15.4 g, Na. 

27.73 P^i" cent., K. 8.81 per cent., Na. 

20.36 per cent., KjCOj. 7.53 per cent., Na^COj. 

K 5/y of Na. 

II Kg of latter less than 5.3 Kg of former. 

$5.15 cts. +. 

152.9 cu dm, Cu. 16719.4 Kg, Vitriol sol. 

^16.00 +. 

0.834 Ag (or 83.4 per cent.). 

327.7 lbs. 

a. 33.396 lbs. b. 74.382 lbs. 

a. 55.407 lbs. b. 123.12 lbs. 

11.63 Kg. 
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38. SO-8g-NaCl. 43.07 HjSO^. 

39. 12 per cent. 

40. 42.97 Kg. 

41. 14.10 lbs. 

42. 332.25 lbs., saltpeter. 347.11 lbs., HjSO^. 

43. a. 213.33 Kg, lime; 525.71 Kg, KCOj. *• 600.2 KNO3. 
44- 3447 g. Zn. 61.25 g- HaSO^. 

45. 33.84 g,Zn. 158.5 g.HCl. 

46. 74515 g. vitriol. 90.59 g, iron. 

47. 386.93 Kg, Eng. HjSOi. 709-409 Kg, bye-product. 

48. 1592.8 Kg, N substance. 120.8 Kg, Fe. 667.7 Kg, potash. 

49. 18.53 g. 

50. 50.22 g, HjSO^. 3.09 g, C. 

51. 17.9 per cent., dead burnt. a. 28.6 per cent., HjO. b. 26.4 
per cent., H^O. 

52. 73-895 
11.812 

14-293 



100.000 

53. 1.294 lbs., PbO. 0.252 lbs., HjSO^. 0.258 lbs., CaCOj. 

54. (l) a. 1.33 lbs., Cu. b. I.l7lbs., Fe. c. 5.80 lbs., vitriol. 
(2) 1.34 lbs., Zn. • 

55- 3-43g. BaS. 2.15 g, Na^CO,. 2.81 g, K^CO,. 

56. 77.28 g. 

57. 489.5 cwt. 

58. 6.93 Kg. 

59. 146.2 g. 

60. 47.1 g, calomel, 

61. 325.9 g. 

62. 262 Kg. 

63. 582.7 Kg. 

64. 21.2 g. 

65. 18.27 g. 

66. 17.55 g, BaS. 13.10 g,K. 
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67. K,0, 2 CrO, + H^SO^ + 3 SO^ = 
K,SO^ + Cr,(S0 J + H,0. 

68. (I) 386.6. 

(2) 3 (CaO.CO^) + 6 NH4CI = 

3 CaCl, + 2 (NHJ.O, 3 CO, + 2 NH, + H,0. 

69. 4.89 g. 

70. (i) 12 I + 6 KjO = 10 KI + K^O.I^Oj. 

(2) 130.7 g. 

(3) 6.3 g,0. 

71. • 27.0 lbs. 



72 
73 
74. 
75 
76 

77 
78 
79' 
80 
8i 
82 
83 
84. 
85 

86 
87 



90, 
91 



200 cwt. 

4.23 per cent., I. 1.48 per cent., MnO,. 16.43 per cent., HCl. 

88.6 per cent. 

7.763 Kg, Hg. 

IS6.00. 

46.08 g. 

52.767 NaCI. 47.233 KCl. 

1.473 lbs., K salts. 2.066 lbs., HjSOj. 0.813 lbs., alcohol. 

9.12 dg. 

a. b. c. 56. 

a. b. c. 108. 

CaO, MgO, 2 CO 2. 



FeO f. 38.02 

Fe^O. 61.98, 



100.00 



4 FeO, 3 Fe^Oj. 

AI2O3, 3 SO3 + 18 H^O. ■ 

K^O, AI2O3, 6 SiO,. 

4.52 per cent. 

u.. Combustible sub 52-68 

Ashes 5.76 

Water 41.56 

100.00 
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92. Sugar 9S-00 

Water 2.2b 

Ashes 1.32 

Foreign organ, sub 1.48 

100.00 

93. In 100 parts: — HjO 2.48. K 25.26. HjSO^ 31.49. 
Or, 

HjO 2.48 

K.SOi 46.76 

NajSOi 17-75 

Foreign sub 33-01 

100.00 

94. 1 00000 parts: — , 

Min. sub S9-70 

Org. sub ., 9.60 

69.30 
Or from this: — SiOj 0.12. Fe^Oj -f 0-21. CaO 30.77. 

Mg.466. HJSO4S-27. KCl 1.07. 01.65. 

95. 100000 parts : — 

SiO^ 0.12 

FejOj + 0.21 

CaCOa 48.26 

CaSOj 8.96 

MgSO^ 99 

NaCl 1.07 

S97I 

96. In 100 parts : — 

CUCO3 93.57 

MgCO, 1.13 

Fe^O, + 75 

CaSO^ 94 

CaCl, , 0.06 

Sand and Clay 3.55 

100.00 

97. Factors : — 

a. 0.83562. b. 0.80488. .:. 0.65665. d. O.34335. c O.77665. 
/ 0.92825. g. 0.68317. h. 0.93305. i. 0.56000. 

98. Factors : — 

a. 0.70000. b. 0.90000. c. 0.44000. d. 0.79849. *. 0.36036. 
/ 0.63964. g. 0.13734. h. O.IIIII. i. 0.80260. k. 0.78667. 

99. 43.3 cu m. 
100. 0.50. 

loi. 8.27 lbs., MnOj. 902 1, 01. 
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"An excellent Series of Manuals." — Archives of Gynecology, 

A NEW SERIES OF 

STUDENTS' MANUALS 

On the various Branches of Medicine and Surgery. 

Can be used by Students of any College. 

Price of each, Handsome Cloth, $3.00. Full Leather, $3.60. 

The object of this series is to furnish good manuals 
for the medical jstudent, that will strike the medium 
between the compend on one hand and the prolix text- 
book on the other — to contain all that is necessary for 
the student, without embarrassing him with a flood of 
theory and involved statements. They have been pre- 
pared by well-known men, who have had large experience 
as teachers and writers, and who are, therefore, well 
informed as to the needs of the student. 

Their mechanical execution is of the best — good type 
and paper, handsomely illustrated whenever illustrations 
are of use, and strongly bound in uniform style. 

Each book is sold separately at a remarkably low 
price, and the immediate success of several of the 
volumes shows that the series has met with popular 
favor. 

No. 1. SURGERY. 236 Illustrations. 

A Manual of the Practice of Surgery. By Wm. J. 

Walsham, M.D., Asst. Surg, to, and Demonstrator of 

Surg, in, St. Bartholomew's Hospital, London, etc. 

228 Illustrations. 

Presents the introductory facts in Surgery in clear, precise 
language, and contains all the latest advances in Pathology, 
Antiseptics, etc. 

" It aims to occupy a position midway between the pretentious 
manual and the cumbersome System of Surgery, and its general 
character may be summed up in one word — practical." — The Medi- 
cal Bulletin. 

" Walsham, besides being an excellent surgeon, is a teacher in 
its best sense, and having had very great experience in the 
preparation of candidates for examination, and their subsequent 
professional career, may be relied upon to have carried out his 
work successfully. Without following out in detail his arrange- 
ment, which is excellent, we can at once say that his book is an 
embodiment of modern ideas neatly strung together, with an amount 
of careful organization well suited to the candidate, and, indeed, to 
the practitioner." — British Medical Journal, 

Price of each Book, Cloth, $3.00. Leather, $3.60. 
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No. 2. DISEASES OP WOMEN. 130 lUus. 

The Diseases of Women. By Dr. F. Winckel, 
Professor of Gynsecology and Director of the Royal 
University Clinic for Women, in Munich. Translated 
from the German by Dr. J. H. Williamson, Resident 
Physician Allegheny General Hospital, Allegheny, 
Penn'a, under the supervision of, and with an intro- 
duction by, Theopbilus Parvin, m.d.. Professor of 
Obstetrics and Diseases of Women and Children in 
Jefferson Medical College. Illustrated by 132 fine 
Engravings on Wood, most of which are new. 
" The book will be a valuable one to physicians, and a safe and 

satisfactory one to put into the hands of students. It is issued in a 

neat and attractive form, and at a very reasonable price." — Boston 

Medical and Surgi. Journal. 

No. 3. OBSTETRICS. 227 niustrations. 

A Manual of Midwifery. By Alfred Lewis Galabin, 
M.A.J M.D., Obstetric Physician and Lecturer on Mid- 
wifery and the Diseases of Women at Guy's Hospital, 
London; Examiner in Midwifery to the Conjoint 
Examining Board of England, etc. With 227 Illus- 
" This manual is one we can strongly recommend to all who 
desire to study the science as well as ^e practice of midwifery. 
Students at the present time not only are expected to know the 
principles of diagnosis, and the treatment of the various emergen- 
cies and complications that occur in the practice of midwifery, but 
find that the tendency is for examiners to ask more questions 
relating to the science of the subject than was the custom a few 
years ago. * * * The general standard of the manual is high ; 
and wherever the science and practice of midwifery are well taught, 
it will be regarded as one of the most important text-books on the 
subject." — London Practitioner, 

No. 4. PHYSIOLOGY. Third Edition. 

321 ILLUSTRATIONS AND A GLOSSARY. 
A Manual of Physiol<^y. By Gerald F. Yeo, m.d., 
F.R.C.S., Professor of Physiology in King's College, 
London. 321 Illustrations and a Glossary of Terms. 
Third American from second English Edition, revised 
and improved. 758 Pages. 

This volume was specially prepared to fiimish students with a 
new text-book of Physiology, elementary so far as to avoid theories 
which have not home the test of time and such details of methods 
as are unnecessary for students in our medical colleges. While 
endeavoring to save the student from doubtful and erroneous 
doctrines, great care has been taken not to omit any important 
facts that are necessary to an acquirement of a clear idea of the 
Price of each Book, Cloth, $3.00. Leather, $3.50. 
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principles of Physiology. Such subjects as are useful in the 
practice of medicine and surgery are treated more fully than those 
which are essential only to an abstract physiological knowledge. 

"The brief examination I have given it was so favorable that I 
placed it in the list of text-books recommended in the circular of the 
University Medical College." — Prof. Letvis A. Stunson, m.d.j 
57 East 33d Street y New York. 

No. 5. POTTER'S MATERIA MEDIO A, 

PHARMACY AND THERAPEUTICS. 

OVER 600 PRESCRIPTIONS, FORMULA, ETC. 

A Handbook of Materia Medica, Pharmacy and 
Therapeutics — including the Physiological Action of 
Drugs, Special Therapeutics of Diseases, Official and 
Extemporaneous Pharmacy, etc., etc. By Sam'l 
O. L. Potter, m.a., m.d.. Professor of the Practice of 
Medicine in Cooper Medical College, San Francisco, 
Late A. A, Surg., U. S. A., Author of the " Quiz- 
Compends" of Anatomy and Materia Medica, etc. 
This book contaips many unique features of style and arrange- 
ment ; no time or trouble has been spared to make it most complete 
and yet concise in all its parts. It contains many prescriptions of 
practical worth, a. great mass of facts conveniently and concisely 
put together, also many tables, dose lists, diagnostic hints, etc., 
all rendering it the most complete manual ever published. 

" Dr. Potter's handbook will find a place, and a very important 
one, in our colleges and the libraries of our practitioners." — N. Y. 
Medical JournaL 

No. 6. DISEASES OF CHILDREN. 

A Manual. By j. F. Goodhart, m.d., Phys. to the 
Evelina Hospital for Children ; Asst. Phys. to 
Guy's Hospital, London. American Edition. Edited 
by Louis Starr, m.d., Clinical Prof, of Dis. of 
Children in the Hospital of the Univ. of Pennsylvania, 
and Physician to the Children's Hospital, Phila. 
Containing many nevir Prescriptions, a list of over 50 
Formulas, conforming to the U. S. Pharmacopoeia, and 
Directions for making Artificial Human Milk, for the 
Artificial Digestion of Milk, etc. 

" As it is said of some men, so it might be said of some books, 
that they are * borr. to greatness.' This new volume has, we 
believe, a mission, particularly in Ih^ hands of the younger 
members of the profession. In these days of prolixity in medical 
literature, it is refreshing to meet with an author who knows both 
what to say and when he has said it. The work of Dr. Goodhart 
Price of each Book, Cloth, $3.00. Leather, $3.50. 
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(admirably conformed, by Dr. Starr, to meet American require- 
ments) is the nearest approach to clinical teaching without the 
actual presence of clinical material that we have yet seen." — New 
York Medical Record. 

No. 7. PRACTICAL THERAPEUTICS. 

FOURTH EDITION, WITH AN INDEX OF DISEASES. 

Practical Therapeutics, considered with reference to 
Articles of the Materia Medica. Containing, also, an 
Index of Diseases, with a list of the Medicines 
applicable as Remedies. By Edward John Waring, 
M.D., F.R.c.P. Fourth Edition. Rewritten and Re- 
vised. By Dudley W. Buxton, m.d., Asst. to the 
Prof, of Medicine at University College Hospital. 

" We wish a copy could be put in the hands of every Student or 
Practitioner in the country. In our estimation, it is the best book 
of the kind ever written. **^iV. Y. Medical Journal. 

No. 8. MEDICAL JURISPRUDENCE AND 
TOXICOLOGY. New Ed. 

By John J. Reese, M.D., Professor of Medical Jurispru- 
dence and Toxicology in the University of Pennsyl- 
vania ; President of the Medical Jurisprudence Society 
of Phila. ; 2d Edition, Revised and Enlarged. 

"This admirahle text-book." — Atner. Jour, oj" Med. Sciences. 

" We lay this volume aside, after a careful perusal of its pages, 
with the profound impression that it should he in the hands of every 

doctor and lawyer. It fully meets the wants of all students 

He has succeeded in admirably condensing into a handy volume all 
the essential points." — Cincinnati Lancet and Clinic. 

No. 9, ORG-ANIO CHEMISTRY. 
Or the Chemistry of the Carbon Compounds. By Prof. 
Victor von Richter, University of Breslau. Au- 
thorized translation, from the Fourth German Edition. 
By Edgar F. Smith, m.a., ph.d. ; Prof, of Chemistry 
in University of Pennsylvania; Member of the Chem. 
Socs. of Berlin and Paris. 

" I must say that this standard treatise is here presented in a 
remarkably compendious shape."— y. W, Holland, m.d.. Professor 
(^ Chemistry, Je^er son Medical College, Philadelphia. 

'* This work brings the whole matter, in simple, plain language, 
to the student in a clear, comprehensive manner. The whole 
method of the work is one that is more readily grasped than that of 
older and more famed text-books, and we look forward to the time 
when, to a great extent, this work will supersede others, on the 
score of ils better adaptation to the wants of both teacher and 
student." — Pharmaceutical Record. 

Price of each Book. Cloth, $3.00. Leather, $3.50. 
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ANATOMY. 
Holden's Anatomy. A manual of Dissection of the Human 
Body. Fifth Edition. Enlarged, with Marginal References and 
over 200 Illustrations. Octavo. Cloth, 5.00; Leather, 6.00 

Bound in Oilcloth, for the Dissecting Room, $4.50. 

" No student of Anatomy can take up this book without being 
pleased and instructed. Its Diagrams are original, striking and 
suggestive, giving more at a glance than pages of text description. 
* * * The text matches the illustrations in directness of prac- 
tical application and clearness of detail." — Nezv York Medical 
Record. 

Holden's Human Osteology. Comprising a Description of the 
Bones, with Colored Delineations of the Attachments of the 
Muscles. The General and Microscopical Structure of Bone and 
its Development. With Lithographic Plates and Numerous Illus- 
trations. Seventh Edition. 8vo. Cloth, 6.00 

Holden's Landmarks, Medical and Surgical. 4th ed. 

Cloth, 1.25 

Heath's Practical Anatomy. Sixth London Edition. 24 Col- 
ored Plates, and nearly 300 other Illustrations, Cloth, 5.00 

Potter's Compend of Anatomy. Fourth Edition. 117 Illus- 
trations. Cloth, 1. 00; Interleaved for Notes, 1.25 

CHEMISTRY. 
Hartley's Medical Chemistry. A text-book prepared specially 
for Medical, Pharmaceutical and Dental Students. With 40 
Illustrations, Plate of Absorption Spectra and Glossary of Chemi- 
cal Terms. Cloth, z.50 
*if* This book has been written especially for students and phy- 
sicians. It is practical and concise, dealing only with those parts 
of chemistry pertaining to medicine ; no time being wasted in long 
descriptions of substances and theories of interest only to the 
advanced chemical student. 

Bloxam's Chemistry, Inorganic and Organic, with Experiments. 
Sixth Edition. Enlarged and Rewritten. Nearly 300 Illus- 
trations. Cloth, 4.50; Leather, 5.50 

Richter's Inorganic Chemistry. A text-book for Students. 
Third American, from Fifth German Edition. Translated by 
Prof. Edgar F. Smith, ph.d. 89 Wood Engravings and Colored 
Plate of Spectra. Cloth, 2.00 

Richter's Organic Chemistry, or Chemistry of the Carbon 
Compounds. Translated by Prof. Edgar F. Smith, ph.d. 
Illustrated. Cloth, 3.00; Leather, 3.50 

MS^See pages 2 to $ for list of Students* Manuals, 
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Chemistry : — Continued. 

Trimble. Practical and Analytical Chemistry. A Course in 
Chemical Analysis, by Henry Trimble, Prof, of Analytical Chem- 
istry in the Phila. College of Pharmacy. Illustrated. Second 
Edition. 8vo. Cloth, 1.50 

Tidy. Modern Chemistry. 2d Ed. Cloth, 5.50 

Leffmann's Compend of Chemistry. Inorganic and Organic. 
Including Urinary Analysis and the Sanitary Examination of 
Water. New Edition. Cloth, i.oo; Interleaved for Notes, 1.25 

Muter. Practical and Analytical Chemistry. Second Edi- 
tion, Revised and Illustrated. Cloth, 2,00 

Holland. The Urine, and Common Poisons, Chemical and 
Microscopical. For Laboratory Use. 2d Edition, Enlarged. 
Illustrated. Cloth, .75 

Van Nuys. Urine Analysis. lUus. Cloth, 2.00 

Wolff's Applied Medical Chemistry, By Lawrence Wolff, 
M.D., Demonstrator of Chemistry in Jefferson Medical College, 
Philadelphia. Cloth, i.oo 

CHILDREN. 

Goodhart and Starr. The Diseases of Children. A Manual 
for Students and Physicians. By J. F. Goodhart, m.d.. Physi- 
cian to the Evelina Hospital for Children; Assistant Physician 
to Guy's Hospital, London. American Edition, Revised and 
Edited by Louis Starr, m.d., Clinical Professor of Diseases of 
Children in the Hospital of the University of Pennsylvania; 
Physician to the Children's Hospital, Philadelphia. Containing 
many new Prescriptions, a List of over 50 Formulae, conforming 
to the U. S. Pharmacopoeia, and Directions for making Arti- 
ficial Human Milk, for the Artificial Digestion of Milk, etc. 

Cloth, 3.00; Leather, 3.50 

Day. On Children. A Practical and Systematic Treatise. 
Second Edition. 8vo. 752 pages. Cloth, 3.00; Leather, 4,00 

Meigs and Pepper, The Diseases of Children. Seventh 
Edition. 8vo. Cloth, 5.00 ; Jjcather, 6.00 

Starr. Diseases of the Digestive Organs in Infancy and 
Childhood. With chapters on the Investigation of Disease, 
and on the General Management of Children. lUus. Cloth, 2.50 

Keating and Edwards. Diseases of the Heart and Circulation 
in Infancy and Adolescence. Illustrated with Wood Engravings, 
Photographs and one Colored Plate. 8vo. Cloth, 1.30 

4iS~ See page ib for list of f Quis-Contpends f 
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DENTISTRY. 

Flagg's Plastics and Plastic Filling. 3d Ed. Preparing. 

Gorgas. Dental Medicine. A Manual of Materia Medica and 
Therapeutics. Second Edition. Cloth, 3.25 

Harris. Principles and Practice of Dentistry. Including 
Anatomy, Physiology, Pathology, Therapeutics, Dental Surgery 
and Mechanism. Twelfth Edition. Revised and enlarged by 
Professor Gorgas. 744 Illustrations. Cloth, 6.50 ; Leather, 7.50 

Richardson's Mechanical Dentistry, Fifth Edition. 569 
Illustrations. 8vo. Cloth, 4.50; Leather, 5.50 

Stocken's Dental Materia Medica. Third Edition. Cloth, 2.50 

Taft's Operative Dentistry. Dental Students and Practitioners. 
Fourth Edition. 100 Illustrations. Cloth, 4.25 ; Leather, 5.00 

Talbot. Irregularities of the Teeth, and their Treatment. 
Illustrated. 8vo. Cloth, 2.00 

Tomes' Dental Anatomy, Human and Comparative. Third 
Edition. 191 Illustrations, Preparing, 

Tomes' Dental Surgery. Third Edition. Revised. 292 
Illustrations. 772 Pages. Cloth, 5,00 

DICTIONARIES. 

Cleaveland's Pocket Medical Lexicon. Thirty-first Edition. 

Giving correct Pronunciation and Definition of Terms used in 

Medicine and the Collateral Sciences. Very small pocket size. 

Cloth, red edges .75 ; pocket-book style, i.oo 

Longley's Pocket Dictionary. The Student's Medical Lexicon, 
giving Definition and Pronunciation of all Terms used in Medi- 
cine, with an Appendix giving Poisons and Their Antidotes, 
Abbreviations used in Prescriptions, Metric Scale of Doses, etc. 
24mo. Cloth, I.oo; pocket-book style, 1.25 

EYE. 

Arlt, Diseases of the Eye. Including those of the Conjunc- 
tiva, Cornea, Sclerotic, Iris and Ciliary Body. By Prof. Von 
Arlt. Translated by Dr. Lyman Ware. lUus. 8vo. Cloth, 2.50 

Hartridge on Refraction. 3d Ed. Cloth, 2.00 

Macnamara. Diseases of the Bye, 4th Edition. Revised. 
Colored Plates and Wood Cuts and Test Types. Cloth, 4.00 

Meyer. Diseases of the Eye. A complete Manual for Stu- 
dents and Physicians. 270 Illustrations and two Colored Plates. 
8vo. Cloth, 4.50; Leather, 5.50 

Morton. Refraction of the Eye. Third Ed. lllus. Cloth, 1.00 

Fox and Gould. Compend of Diseases of the Eye and 
Refraction. 2d Ed. Enlarged. 71 lllus. 39 Formulse. 

Cloth, I.oo; Interleaved for Notes, 1.25 

Ji^See pages 2 to S /or list of Students' Manuals. 
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ELECTRICITY. 

Mason's Compend of Medical and Surgical Electricity. 
With numerous Illustrations. lamo. See^a^ ij. Cloth, i.oo 

HYGIENE. 

Parkes* Practical Hygiene. Seventh Edition, enlarged. Illus- 
trated. Svo. Cloth, 4.50 

Wilson's Handbook of Hygiene and Sanitary Science. 
Sixth Edition. Revised and Illustrated. Cloth, 2.75 

MATERIA MEDICA AND THERAPEUTICS. 

Potter's Compend of Materia Medica, Therapeutics and 

Prescription Writing. Fifth Edition, revised and improved. 

Cloth, 1.00; Interleaved for Notes, 1.25 

Biddle's Materia Medica. Tenth Edition. For tlie use of 
Students and Physicians. By the late Prof. JohnB. Biddle, m.d.. 
Professor of Materia Medica in Jefferson Medical College, Phila- 
delphia. The Eleventh Edition, thoroughly revised, and in many 
parts rewritten, by his son, Clement Biddle, m.d., Past Assistant 
Surgeon, U. S. Navy, assisted by Henrj' Morris, m.d.. Demon- 
strator of Obstetrics in Jefferson Medical College. 8vo., illus- 
trated. Cloth, 4.00; Leather, 4.7s 

Headland's Action of Medicines. 9th Ed. Svo. Cloth, 3.00 

Potter. Materia Medica, Pharmacy and Therapeutics. 
Including Action of Medicines, Special Therapeutics, Pharma- 
cology, etc. Page 4. Cloth, 3.00; Leather, 3.50 

Roberts' Compend of Materia Medica and Pharmacy. By the 
author of " Roberts' Practice." Cloth, 2.00 

Starr, Walker and Poiwell. Synopsis of Physiological 
Action of Medicines, based upon Prof. H. C Wood's " Materia 
Medica and Therapeutics." 3d Ed. Enlarged. Cloth, .75 

Waring. Therapeutics. With an Index of Diseases and an 
Index of Remedies. A Practical Manual. Fourth Edition. 
Revised and Enlarged. ^ Cloth, 3.00; Leather, 3.50 

MEDICAL JURISPRUDENCE. 

Reese. A Text-book of Medical Jurisprudence and Toxi- 
cology. By John J. Reese, m.d.. Professor of Medical Juris- 
prudence and Toxicology in the Medical Department of the 
University of Pennsylvania ; President of the Medical Juris- 
prudence Society of Philadelphia ; Physician to St. Joseph's 
Hospital ; Corresponding Member of The New York Medico- 
legal Society. 2d Edition. Cloth, 3.00; Leather, 3.50 

Ji^Seepaffe ib for list of fQuix-Contpends ? 



10 STUDENTS' TEXT-BOOKS AND MANUALS. 

Medical Jurisprudence : — Continued. 
Abercrombie's Students* Guide to Medical Jurisprudence, 
izmo. Cloth, 2.50 

Mann's Manual of Psychological Medicine, and Allied Ner- 
vous Diseases. Their Diagnosis, Pathology and Treatment, and 
their Medico-Legal Aspects. lUus. Cloth, S-oo ; Leather, 6.0a 
Woodman and Tidy's Medical Jurisprudence and Toxi- 
cology, Chromo-Lithographic Plates and 116 Wood engravings. 

Cloth, 7.50; Leather, 8.50 

MISCELLANEOUS. 

AUingham. Diseases of the Rectum, Fourth Edition. Illus- 
trated. 8vo. Paper covers, .75; Cloth, 1.25 

Beale. Slight Ailments. Their Nature and Treatment. Illus- 
trated. 8vo. Paper cover, .75 ; Cloth, 1.25 

Domville on Nursing, 6th Edition. Cloth, ,75 

FothergiU. Diseases of the Heart, and Their Treatment. 
Second Edition. 8vo. Cloth, 3.50 

Gowers. Diseases of the Nervous System. 341 Illus- 
trations. Cloth, 6.50; Leather, 7.50 

Tanner. Memoranda of Poisons. Their Antidotes and Tests . 
Sixth Edition, Revised by Henry Leffmann, m.d. 

Cloth, .75 

OBSTETRICS AND GYNECOLOGY, 

Byford. Diseases of Women. The Practice of Medicine and 
Surgery, as applied to the Diseases and Accidents Incident to 
Women. By W, H. Byford, a.m., m.d.. Professor of Gynaecology 
in Rush Medical College and of Obstetrics in the Woman's Med- 
ical College, etc., and Henry T. Byford, m.d.. Surgeon to the 
Woman's Hospital of Chicago ; Gyngecologist to St. Luke's 
Hospital, etc. Fourth Edition. Revised, Rewritten and En- 
larged. With 306 Illustrations," over 100 of which are original. 
Octavo. 832 pages. Cloth, 5.00; Leather, 6.00 

Lewer's Diseases of ^Vomen. A Practical Text-Book. 139 
Illustrations. Cloth, 2.25 

Parvin's Winckel's Diseases of Women. Edited by Prof. 
Theophilus Parvin, Jefferson Medical College, Philadelphia. 
117 Illustrations. See ^ag-e 3. Cloth, 3.00; Leather, 3.50 

Morris. Compend of Gynaecology. Illustrated. In Press. 

*^ See pages 2 to S/or list of New Manuals. 
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O&sietrics and Gynmcelegy : — Continued. 

Landis' Compend of Obstetrics. Illustrated. 3d edition. 
Cloth, 1.00; Interleaved for Notes, 1,25 

Galabin's Midwifery. A New Manual for Students. By A. 
Lewis Galabin, m.d,, f.r.c.p.. Obstetric Physician to Guy's 
Hospital, London, and Professor of Obstetrics in the same Insti- 
tution. 227 Illustrations Cloth, 3.00; Leather, 3.50 

Glisan's Modern Midwifery. 2d Edition. Cloth, 3,00 

Rigby's Obstetric Memoranda. By Alfred Meadows, m.d. 
4th Edition. Cloth, .50 

Meadows* Manual of Midwifery. Including the Signs and 
Symptoms of Pregnancy, Obstetric Operations, Diseases of the 
Puerperal State, etc. 145 Illustrations. 494 pages. Cloth, 2.00 

Swayne's Obstetric Aphorisms. For the use of Students 
commencing Midwifery Practice. 8th Ed. i2mo. Cloth, 1.25 

PATHOLOGY. HISTOLOGY. BIOLOGY. 

Bow^lby. Surgical Pathology and Morbid Anatomy, for 
Students. 135 Illustrations. i2mo. Cloth, 2.00 

Davis' Elementary Biology. Illustrated. Cloth, 4,00 

Rindfleisch's General Pathology. By Tyson. For Students 
and Physicians. By Prof. Edward Rindfleisch, of Wiirzburg. 
Translated by Wm. H. Mercur, m.d., of Pittsburgh, Pa. Edited 
by James Tyson, m.d.. Professor of Pathology and Morbid 
Anatomy in the University of Pennsylvania. i2mo. Cloth, 2.00 
Gilliam's Essentials of Pathology. A Handbook for Students. 
47 Illustrations. r2mo. Cloth, 2.00 

*#*The object of this book is to unfold to the beginner the funda- 
mentals of pathology in a plain, practical way, and by bringing 
them^ within easy comprehension to increase his interest in the study 
of the subject. 

Gibbes* Practical Histology and Pathology. Third Edition. 
Enlarged. i2mo. Cloth, 1.75 

PHYSICAL DIAGNOSIS. 

Bruen's Physical Diagnosis of the Heart and Lungs. By 
Dr. Edward T. Bruen, Assistant Professor of Clinical Medicine 
in the University of Pennsylvania. Second Edition, revised. 
With new Illustrations. i2rao. Cloth, 1.50 

PHYSIOLOGY. 

Yeo's Physiology. Third Edition. The most Popular Stu- 
dents' Book. By Gerald F. Yeo, m.d., f.r.c.s.. Professor of 
Physiology in King's College, London. Small Octavo. 758 
pages. 321 carefiiUy printed Illustrations. With a Full 
Glossary and Index. See Page 3. Cloth, 3.00; Leather, 3.50 

#S~ See page ib for list 0/ ? Quiz-Compends t 
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Physiology : — Continued. 

Brubaker's Compend of Physiology. Illustrated. Fourth 
Edition. Cloth, i.oo; Interleaved for Notes, 1.25 

Stirling. Practical Physiology, including Chemical and Ex- 
perimental Physiology. 142 Illustrations. Cloth, 2 25 
Kirke's Physiology. 12th Ed. Revised and Enlarged. IIlus. 

Cloth, 4.00; Leather, 5.00 
Landois' Human Physiology. Including Histology and Micro- 
scopical Anatomy, and with special reference to Practical Medi- 
cine. Second Edition. Translated and Edited by Prof. Stirling. 
583 Illustrations. Cloth, 6.50; Leather, 7.50 

" So great are the advantages offered by Prof. Landois' Text- 
book, from the exhaustive and eminently practical manner in which 
the subject is treated, that, notwithstanding it is one of the largest 
works on Physiology, it has yet passed through four large editions 
in the same number of years. Dr. Stirling's annotations have 
materially added to the value of the work. . . . Admirably 
adapted for the practitioner. . . . With this Text-book at his 
command, no student could fail in his examination." — Lancet. 
Sanderson's Physiological Laboratory. Being Practical Ex- 
ercises for the Student. 350 Illustrations. 8vo. Cloth, 5.00 
Tyson's Cell Doctrine. Its History and Present State. Illus- 
trated. Second Edition. Cloth, 2.00 

PRACTICE. 

Roberts' Practice. New Revised Edition. A Handbook 
of the Theory and Practice of Medicine. By Frederick T. 
Roberts, m.d. ; m.r.c.p.. Professor of Clinical Medicine and 
Therapeutics in University College Hospital, London. Seventh 
Edition. Octavo. Cloth, 5.50 ; Sheep, 6.50 

Hughes. Compend of the Practice of Medicine. 3d Ed. 

Two parts, each, Cloth, i.oo; Interleaved for Notes, 1.25 

Part t. — Continued, Eruptive and Periodical Fevers, Diseases 

of the Stomach, Intestines, Peritoneum, Biliary Passages, Liver, 

Kidneys, etc., and General Diseases, etc. 

Part n. — Diseases of the Respiratory System, Circulatory 

System and Nervous System ; Diseases of the Blood, etc. 

Tanner's Index of Diseases, and Their Treatment. Cloth, 3.00 
"This work has won for itself a reputation. ... It is, in 

truth, what its Title indicates." — N. Y. Medical Record. 

PRESCRIPTION BOOKS. 

Wythe's Dose and Symptom Book. Containing the Doses 
and Uses of all the principal Articles of the Materia Medica, etc. 
Seventeenth Edition. Completely Revised and Rewritten. Just 
Ready, gamo. Cloth, i.oo; Pocket-book style, 1.25 

Pereira's Physician's Prescription Book. Containing Lists 
of Terms, Phrases, Contractions and Abbreviations used in 
Prescriptions, Explanatory Notes, Grammatical Construction of 
Prescriptions, etc., etc. By Professor Jonathan Pereira, m.d. 
Sixteenth Edition. 32mo. Cloth, i.oo; Pocket-book style, 1.25 

^^See pages 2 to S for list of New Mayiuals. 
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PHARMACY. 

Stewart's Compend of Pharmacy. Based upon Remington's 
Text-Book of Pharmacy. Second Edition, Revised. 

Cloth, i.oo ; Interleaved for Notes, 1.25 

SKIN DISEASES. 

Anderson, (McCall) Skin Diseases. A complete Text-Book, 

with Colored Plates and numerous Wood Engravings. 8vo. 

Jttsi Ready. Cloth, 4.50 ; Leather, 5.50 

'* We welcome Dr. Anderson's work not only as a friend, but as 

a benefactor to the profession, because the author has stricken off 

mediaeval shackles of insuperable nomenclature and made crooked 

ways straight in the diagnosis and treatment of this hitherto but 

little understood class of diseases. The chapter on Eczema is 

alone worth the price of the book." — Nashville Medical News. 

*' Worthy its distinguished author in every respect ; a work whose 
practical value commends it not only to the practitioner and stu- 
dent of medicine, but also to the dermatologist." — -James Nevens 
Hyde^ m.d.. Prof, of Skin and Venereal Diseases, Rusk Medical 
College^ Chicago. 

Van Harlingen on Skin Diseases. A Handbook of the Dis- 
eases of the Skin, their Diagnosis and Treatment. By Arthur 
Van Harlingen, m.d.. Prof, of Diseases of the Skin in the Phila- 
delphia Polyclinic; Consulting Physician to the Dispensary 
for Skin Diseases, etc. With colored plates. z2mo. Cloth, 1.75 
Bulkley. The Skin in Health and Disease. By L. Duncan 
Bulkley, Physician to the N. Y. Hospital. lUus. Cloth, .50 

SURGERY. 

Heath's Minor Surgery, and Bandaging. Eighth Edition. 142 
Illustrations. 60 Formulae and Diet Lists. Cloth, 2.00 

Horwitz's Compend of Surgery, including Minor Surgery, 
Amputations, Fractures, Dislocations, Surgical Diseases, and the 
Latest Antiseptic Rules, etc., with Differential Diagnosis and 
Treatment. By Orville Horwitz, b.s., m.d.. Demonstrator ot 
Anatomy, Jefferson Medical College ; Chief, Out- Patient Surgi- 
cal Department, Jefferson Medical College Hospital. 3d edition. 
Very much Enlarged and Rearranged. 91 Illustrations and 
77 Formulae. i2mo. No.Q ? Quiz- Compend ? Series. 

Cloth, I.oo; Interleaved for the addition of Notes, 1.25. 

Pye's Surgical Handicraft. A Manual of Surgical Manipula- 
tions, Minor Surgery, Bandaging, Dressing, etc., etc. With 
special chapters on Aural Surgery, Extraction of Teeth, Anses- 
thetics, etc. 208 Illustrations. 8vo. Cloth, 5.00 

Swain's Surgical Emergencies. New Edition. Illus. Clo., 1.50 

Walsham. Manual of Practical Surgery. For Students and 
Physicians. By Wm. J. Walsham, m.d., f.r-C.s., Asst. Surg, 
to, and Dem. of Practical Surg, in, St. Bartholomew's Hospital, 
Surgeon to Metropolitan Free Hospital, London. With 336 
Engravings. See Ptige 2. Cloth, 3.00; Leather, 3.50 

Watson on Amputation of the Extremities, and their Compli 
cations. 2 colored plates and 250 wood cuts. 8vo. Cloth, 5.50 

0=- See page 16 for list of ? Quiz-Cmnpends f 
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THROAT. 

Mackenzie on the Throat and Nose. New Edition. By 

Morell Mackenzie, m.d., Senior Physician to the Hospital for 
Diseases of the Chest and Throat; Lecturer on Diseases of the 
Throat at the London Hospital, etc. Revised and Edited by 
D. Bryson Delavan, m.d.. Prof, of Laryngology and Rhinology 
in the N. Y. Polyclinic; Chief of Clinic, Department of Diseases 
of the Throat, College of Physicians and Surgeons, N. Y. ; Sec'y 
of the Amer. Laryngological Assoc, etc. Complete in one vol- 
ume, over 200 Illustrations, and many formulae. Preparing. 

Diseases of the CEsophagus, Nose and Naso-Pharynx, with 

Formulse and 93 Illustrations. Cloth, 3.00; Leather, 4.00 

" It is both practical and learned ; abundantly and well illustrated ; 
its descriptions of disease are graphic and the diagnosis the best we 
have anywhere seen." — Philadelphia Medical Times. 

Cohen. The Throat and Voice. Illustrated. Cloth, .50 

James. Sore Throat, Its Nature, Varieties and Treatment. 

i2mo. Illustrated. Paper cover, .75; Cloth, 1.25 

URINE, URINARY ORGANS, ETC. 
Acton, The Reproductive Organs. In Childhood, Youth, 

Adult Life and Old Age. Sixth Edition. Cloth, 2.00 

Beale. Urinary and Renal Diseases and Calculous Disorders. 

Hints on Diagnosis and Treatment. lamo. Cloth, 1.75 

Holland, The Urine, and Common Poisons. Chemical and 

Microscopical, for Laboratory Use. Illustrated. 2d Edition. 

Cloth, .75 
Ralfe. Kidney Diseases and Urinary Derangements. 42 Illus- 
trations, lamo. 572 pages. Cloth, 2.75 
Legg. On the Urine. A Practical Guide. 6th Ed. Cloth, .75 
Marshall and Smith. On the Urine. The Chemical Analysis ot 

the Urine. By John Marshall, m.d., Chemical Laboratory, Univ. 

of Penna ; and Prof. E. F. Smith, ph.d. Col. Plates. Cloth, i.oo 
Thompson. Diseases of the Urinary Organs. Seventh 

Edition. Illustrated. Cloth, 1.25 

Tyson. On the Urine. A Practical Guide to the Examination 

of Urine, With Colored Plates and Wood Engravings. 6th Ed. 

Enlarged. i2mo. Cloth, 1.50 

Van NUys, Urine Analysis. Illus. Cloth, 2.00 

VENEREAL DISEASES, 
Hill and Cooper. Student's Manual of Venereal Diseases, 
with Formulse. Fourth Edition. i2mo. Cloth, i.oo 

Durkee. On Gonorrhcea and Syphilis. Illus. Cloth, 3.50 
4®* See page ib for list of f Quiz- Compends ? 



MEDICAL BRIEFS. 

A new series of short, concise compends for the Med- 
ical Student and Practitioner. 

i2mo. Cloth. Price of Each Book, $i.oo. 

No. I. POST-MORTEM EXAMINATIONS. 

With Especial Reference to Medico-Legal Practice. 
By Prof. Rudolph Virchow, of Berlin Charity Hos- 
pital, author of Cellular Pathology ; Translated by T. 
P. Smith, m.d.. Member of the Royal College of Sur- 
geons of England. 2d American, from the 4th German 
Edition. With new Plates. Illustrated by Four Litho- 
graphs. 

" We are informed in precise and exact terms how a post-mortem 
examination should be made, both with regard to the plan to be 
pursued, and the manner of making the several cuts into the various 
organs and tissues. The method of recording the results of the 
investigation is clearly indicated by the addition of the detailed 
account of the examination of four cases ; and the value of the ob- 
jective evidence is accurately stated in the form of the inferences 
drawn concerning the manner and cause of death." — American 
Journal of Medical Sciences. 

No. 2. MANUAL OF VENEREAL DISEASES. 

A Concise Description of those Affections and of their 
Treatment, including a list of Sixty-seven Prescrip- 
tions for Vapor Bath, Gargles, Injections, Lotions, 
Mixtures, Ointments, Paste, Pills, Powders, Solutions 
and Suppositories. By Berkeley Hill, m.d.. Pro 
fessoT of Clinical Surgery in University College; Sur- 
geon to University College and Lock Hospitals; and 
Arthur Cooper, m.d., formerly House Surgeon, Lock 
Hospital, London. 4th Edition, Revised and Enlarged. 

" I have examined it with care, and find it to be a practical and 
useful compendium of knowledge on the subjects discussed, well 
adapted to the use of medical students and those physicians in 
general practice who have occasional need to consult a work of this 
^ind"^/ames Stevens Hyde, t&.u, , Pro/essor o/Skinand Venereal 
Diseases^ Rusk Medical College, Chicago. 

No. 3. MEDICAL ELECTRICITY. A Com- 
pend of Electricity and its Medical and Surgical Uses. 
By Chas. F. Mason, m.d., Ass't Surg. U. S. Army ; 
with an introduction by Charles H. May, m.d.. 
Instructor in Ophthalmology, New York Polyclinic. 
Illustrated. 

OTHER VOLUMES IN PREPARATION. 
Price of Each Book, bound in Cloth, Si.oo. 



PQUIZ-COMPENDS? 

A new series of books for Students' use in the Quiz 
Class and when preparing for Examinations. 
Price of each Book, Cloth, $1.00; Interleaved, 1.25. 

I. ANATOMY. By Prof. S. O. L. Potter, Late A. 
A. Surg. U. S. A. Fourth Edition. 117 Illustrations. 

II. PRACTICE. Part I. By Dan'l E. Hughes, 
M.D., late Demonstrator of Clinical Medicine in 
Jefferson College. Third Edition, Enlarged. 

III. PRACTICE. Part 11. Same author as above. 
Third Edition, Enlarged. 

IV. PHYSIOLOGY. By A. P. Brubaker, Demon- 
strator of Physiology in Jeff. Med. College Philadel- 
phia. Fourth Edition, Improved. New Illustrations. 

V. OBSTETRICS. By Prof. Henry G. Landis. 
Third Edition. Illustrated. 

VI. MATERIA MEDICA, THERAPEUTICS 
AND PRESCRIPTION WRITING. By Prof. 
Sam'l O. L. Potter. 5th Ed., Enlarged and Imp. 

VII. GYN.ffiiCOLOGY. By Henry Morris, m.d., 
Demonstrator of Obstetrics and Diseases of Women 
and Children, Jeff. Medical College. Illus. In Press. 

VIII. DISEASES OF THE EYE AND RE- 
FRACTION. By L. Webster Fox, m.d.. Chief 
Clinical Assistant Ophthalmological Dept., Jefferson 
Medical College, and Geo. M. Gould. New Ed. 39 
Formulae and 71 Illus. 

IX. SURGERY. Including Fractures, Wounds, 
Dislocations, Sprains, Amputations, etc.. Inflammation, 
Suppuration, Ulcers, Syphilis Tumors, Shock, etc.. 
Diseases of Bladder, Testicles, Anus and other Surgi- 
cal Diseases, Antisepsis, etc. By Orville Horwitz, 
Demonstrator of Anatomy, Jefferson Medical College, 
etc. Third Edition. 91 Illustrations. 77 Formulae. 

X. INORGANIC AND ORGANIC CHEM- 
ISTRY. Including Urinary and Water Analysis, etc. 
2d Ed. Enlarged. By Henry Leffmann, m.d. 

XI. PHARMACY. By F. E. Stewart, m.d., ph.g., 
Quiz Master at Philadelphia College of Pharmacy. 
Based, by permission, upon " Remington's Text- Book 
of Pharmacy." Second Edition. 

i^*The ? Quiz-Compends ? can be used by students of any 
college. They contain the latest and best information in such 
shape that it may be easily memorized. 

?EICE OF EACH BOOE, CLOTH, $1.00 ; I»IEELEATES, $1.2S. 



TECHNOLOGICAL BOOKS. 

A New Sefies of Technological Handbooks. 

For Chetnists, Analysts, Manufacturers, etc. 
Edited by John Gardner, f.c.s., and Jambs Cameron, f.i.c, f,c.s. -' 

SOAR AND CANDLES. 

Juft Ready. By James Cameron, f.i.c, f.g.s.. Illustrated. 
i2mo. Clothr^2.2S. - , ' ■ :. ' . 

; J In the compiling of this work the editor has cojisjilt'ed the 
best and most trustworthy sources, -as well as the scattered 
artiples of value that have appeat.ed'iii various scientific joilrnals.' • 
or the transactions of societies. , , 

THE BREWER, piSTILLER AND WINE MANUFACTURER. . 
Giving full directians for the manufacture of Beers, Spirits, 
Wines, Liquors, etc., etc. A Handbook for all interested in , 
the manufacture and sale of Alcohol and its feompoands. ■ 
Edited by' John Garpner, f.c.s., fiditor of "Cooley's Cyclo-' 
"pedia" and " Beasley's Druggists' Receipt Book." Illus-; 
tcated.' Cloth, lt.75. ,.,; .,.,v;''- ' v, ,-„,-■. 
*' Trustworthy and valuable.**. — Ger^a^ aw^d'Aptei^ici^-^re'wers' Journal. 
" A very complete hsLiidhop)<..'-^~Bffsi!an Jourjzal of Ch^Jfixs/ry. 
" A valuable companion forbriSwers, distillers, etc."^Si. I.ouis Brew€r. 

BLEACHING, DYEING. AND CALICO PRINTING. 

With ' Formulse ; a - Chapter on Dye Stuffs.- By John Gard- 
ner, f.cs. ' With lUustrationsi iimd.'. GIbth, gi.75. 

*' A serviceable manaal." — InventoYs* and Matiufiicturer^ Gazette. 
''Worthy the confidence of the large clasSvOf;>vorli:"hl.en for whom it is in- 
tended." — Textile Record. ■ '^ ..<■■' ■. ,,-:' ■ ■ - 

acetic! ACID, VINEGAR, ALUM, AMMONIA, ETC. 

Theirv Manufacture, etc. • Edited by John Gardner, f.i.c, 
F.C.si, assisted by experts having practical knowledge of the 
sjiibject treated. Cloth, ^1.75. ., -, ' '- 

" Designed for both the expe^rt and begintjer, ; condensed ye.tVery complete; 
^^!A.Si^i<^'0,'^o'i\. \i?,el\A'' -^Boston' Jour4m '. >■ ' , /\ 

OILS AND yARN.I.SHES. "'"'," ',;" -;\, y , ' ;■ « .1! '' '; ■ 

. Their Gheinistry, Manufacture and tjses..i Edited by James 
- CAMER'oisi, F.i.c Ulustralied. ■ #2.50.' - ■ : 

" Giving in convenient form a conlpendlum of inforniation furnished bytnany 
, larger worlcSi"; — Scientific American, , .^ 



chemical technology. a new and complete work. 

The Application of Chemistry to the Arts and 
Manufactures. Edited by Charles E. Groves, f.jr.s., 
and Wm. Thorpe, b. sc.,, f.i.c. . In aljout 8 volumes,- with nu- 
■ merous' illustrations. £ach volume sold separately. ■\\- 

Vol. I. Fuel. By Dr. E. ]'. Mills, f.r.s., Professor of 
Chemistry, Anderson College, Glasgow ; and Mr. F. J. RoWAN, 
assisted by an American expert. , Nearly Ready. 



JUST PUBLISHED. 



The Chemistry of the Carbon 
Compounds j 

OR, . 

ORGANIC CHEMISTRY- 



A TEXT-BOOK FOR STUDENTS. 

BY PROF. VICTOR von RICHTER, 

Vniveraity of Breelau. 

First American, from the Fourth German Edition. 
BY EDGAR F. SMITH, F.C.S., M.A., Ph.D., 

Translator of Bichter's Inorganic Chemistry; Prof, of Chemistry in the Vviversittj of Pennsyl- 
vania ; formerly in the Laboratories of Wittenberg College^ Springfield^ Ohio^ and 
Mu}ilenberg College ; Member of the Chemical Societies of Berlin and Paris j 
of the Academy of JTofewaZ Saencea, of Philadelphia ; Amer. Phitos, 
Soo, : 86c. Chem. Indus^ Enffland, etc., etc. 

Illustrated, lamo. 700 Pages. Cloth, $3.00. 

In those schools where not enough time is given to organic chemistry to nse a boob 
asjarge as Bichter^B it will be found a valuable reference book, and teachers and 
professors will do well' to avail themselves of the iBxamination price to sectire a 
copy for their own library. 

lu this volume Prof, von Eichter gives a full description of the Carbon Derivatives. 
The treatmetft of the various classes of bodies is comprehensive, the most recent and 
interesting results of chemical research being given with spegial, fullness. 

Excellent methods. of preparing tho most typical bodies will be found distributed 
through the entire volume. These will enable the student to acquaint himself practically 
with those portions of organic work which are now receiving so much attention. The 
reactions of the groups of compounds are complete, the methodsof analysis described 
are the most modern and reliable, so that the volume may be depended on as a trust- 
worthy laboratory guide. Numerous references to the literature of the subject will be _^ 
found upon almost every page; ^*^M 

The arrangement of types allows of the book being used by both- beginners b^^ 
advanced students, the more general facts being printed in large type, and may be 
employed for common class use. The smaller type covers the matter usually given in 
more advanced lectures. 

JB^ Examination copies, $2.00, postpaid. Correspondence invited from teachers and 
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Standard Chemical Books. 

BLOXAM. CHEMISTRY; SIXTH EDITION. Inorganic SDil Organic, Willi 
ExpuiimentB. By Charles L. Biox,™, Professor of Cheuiistry in King's College, 
Loudon, and in tlie Department^ Artillery Studies, VVooiwich Sixtli Edition, 
thoroughly revised. With neatH' 300 engravings. Cloth, 4,60 ; Leather, 6.S0 

BLOXAM'S LABORATORY TEACHING. Fourth Edition. Progressive Exer- 
oians in Practical Ohemieffy. By Chables L. Bloxam, Professor of Chemistry in 
King's College, London, etc. Fourth Edition. 89 Engraviugs. 12mo. Cloth, 1.7-'i 

WATTS' INORGANIC- CH.EIWISTRY. A IHariual of Chemistry, Physical snd 
Inorganic. {Beiug tile IHth Edition of Fowne's Physical akd Inohgamc Chemis- 
try.) By He"nkt Watts, b: a., r. e. s., Editor of the Journal of the Chemical Society ; 
Author of "A Dictionary of Chemistry," etc. With Colored PJate of Spectra and 
other Illustrations. I2mo. .5il5 pages, Cloth, 2,25 



WATTS' ORGANIC CHEMISTRY. Second Edition. By Ww. A, Tilden, n. sc, 
F fi. 8. (Being the 13th Edition of Fownes' Organic C'HEWibTitv.) IlluEtratcd. 
12mo. Cloth, 2,25 

JvIUTER. PRACTICAL AND ANALYTICAL CHEMISTRY. By John 
IVIuTEft, P. E. s., E. c. s., etc. Third Edition. Revised and Illuatrated. Cloth, 2.00 

STAMMER, CHEMICAL PROBLEMS. By Kael Stamwek. Translated, with 

explanations added, by Prof. W. S. Hoskinson, Wittenberg College, Springfield, 
Ohio. 12mo. Cloth, .75 

SUTTON'S SYSTEMATIC HANDBOOK OF VOLUMETRIC ANALYSIS ; 

or, the Quantitative itetiruation of CJiemical hui'staucpsby iMeasure, :pp]ied to Liquids, 
Solids, and Gases. Adapted to the requirements of Pure Chenucal Itesearch, Patlio- 
logicai Chemistry, Pharmacy, Metallurgy, Manufacturing Chemistry, Photography, 
etc.,' and for thL-- Valuation of Substances used in Commerce, Agricu ture, and (he 
Arts. By Feanois Sutton, f. c. S', f. i. c, Public Analyst for the County of Norfollt. 
^ Fifth Edition. Bniarged. 90 Engravings. Octavo. Cloth, 4 5u 

WOLFF.' APPLIED- MEDICAL CHEMISTRY. By LAwnrNCE WoiFE, M, D., 
Demi:Atstrator of Chemistry/iu Jefefson Medical College, Philadelpliia. Cloth, l.i)0 

HARTLEY. MEDICAL CHEMISTRY. A Text-hook for 'Medical and Pharma- 
centica! Students. By E- H. JiAHTLET, M. D., Associate Professor of (Jhemistry at the 
Long Island College Hospital, President of American Society oi Public Analysts. ^Wilii 
over 40 Illustrations, Glossary. 12mo. Cloth, 2.£0 

TRIMBLE. PRACTICAL AND ANALYTICAL CHEMISTRY. Being a 
complete course in Chemical Analysis. By Henry Teibiole, pn G,, Prof of Ana- 
lytical Chemistry in the Phila. College of Pharmacy. Second Edition. Illua. 12nKf. 

Cloth, l.OU 

LEFFMANN'S COMPEND OF CHEMISTRY, Inorganic and Organic. In- 
cluding Urinary Analysis and the Sanitary Examination of Water. By Hemky 
Leffmann, m, d., Prof; of Chemistry at Penna. College of Dental Surgery, Phila, 12nio. 
Cloth, 1.00. Interleaved for the addition of Notes, 1 25 

TIDY. MODERN CHEMISTRY, Inorganic and Organic A Handbook for the 
Use of Students. By Chas. Meymott Tmv, f.r.c, Prcf. of Chemistry and Medical 
Jurisprudence at London Hospital; Public Analyst of the'^City of London, etc. 8vo. 
Second Edition. Revised and Enlarged. Cloth, 5.50 
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